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The local importance of the Scottish Shale Oil Industry 
has received recognition in practical treatises on petro- 
leum, and in the moat recent of such works particulars 
are given of the processes of manufacture which have 
been successively adopted. There is, however, so 
much that is instructive in the hitherto unpublished 
details of the development of an industry in which, 
under the stimulus of keen competition, remarkable 
technical skill has been exhibited, that the Author 
has been encouraged to attempt to deal with the 
subject more fully than there has been opportunity 
for in works of a comprehensive character. In former 
years the Author felt the want of such 'a source of 
information as that which he has endeavoured to 
supply, and be therefore ventures to hope that the 
result of his labour will be found of value not only by 
those who are about to become actively engaged in 
the industry, but also by the large number who are 
already directly or indirectly interested in it. 

The Author feels greatly indebted, and wishes to 
express his thanks, to many friends and strangers 
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who supplied him with historical and other 
mation, and more especially to his colleagues, Messrs. 
John Galletly and the late Alexander Lumsdbn, 
who most generously placed information regarding 
apparatus, &c. (in use before the Author was connected 
with the trade) at his disposal. 



Brooklyn, 1897. 
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CHAPTER I. 

HISTORICAL. 

; important part that the paraffin oil trade plays 
I Scotch manufacturing industriea makes it deserving 
f a short history of its origin and subsequent develop- 
nent being recorded. 

The late Mr. James Young, of Kelly, waa the first 

■to manufacture paraffin oil on a commercial scale ; it 

might not therefore be out of place to deviate slightly 

here, and, in taking a passing glimpse at his early life, to 

note the immediate cause of his starting this important 

I industry. 

Bom in the year 1811, in humble cireumstancea, 

Hr. Young at an early age was apprenticed to his 

lather — who was a carpenter and cabinet maker by 

trade, in the city of Glasgow. While at this eniploy- 

. he attended Professor Graham's evening lectures 

1 chemistry, and in a short time became so proficient 

that «eience that he was appointed demonstrator 

nt to the Professor. He held this appoint- 

■en years, and after that went as manager 
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to Muspratt's Chemical Works at Newton, near Liver- 
pool, where he remained for four and a half years. 

About the year 1843 he aw^epted an appointment at 
Tennant's Works at Man<j;heater, and while there Dr. 
Lyon Playfair acquainted him of the fact that petro- 
leum was oozing out of cracks in the sandatone roof of 
the Biddings Colliery, at Alfreton, Derbyshire, which 
beloDged to his (Playfair's) brother-in-law. After a 
careful examination. Young advised hia employer to 
work the petroleum with a view to converting it into a 
profitable business ; but his employer thought it would 
be too small a business for him to interest himself in, 
80 Young took a lease of the oil-bearing portion of the 
mine himself, and, with Meldrum (whom he had met 
at Professor Graham's classes) as partner, started work 
in the year 1848 manufacturing paraffin oik At that 
time only two kinds of oil were made by Young and 
Meldrmn — one a thin oil for burning in lamps, and the 
other a heavy one for lubricating purposes. Meldrum 
had charge of the oil work, and Young continued his 
duties in the employment of Tcnnant. 

The supply of the crude petroleum was at any time 
Uable to become exhausted— as it did in 1851 ; and 
Young, being fully alive to this fact, and being of 
opinion that the oil was a product from coal that had 
been subjected to subterranean heat, he experimented 
off and on for over two years on the "artificial" pro- 
duction of petroleum. English coal that came to 
Tennant's yard for consumption in the furnaces was 
the first to be experimented with, with varying results, . 
but at last a liquid which contained solid paraffin was 
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obtained from cannel coal. About this time (1850) 
Bartholomew, of the City and Suburban Gas Works, 
Glasgow, showed Young a piece of Boghead coal or 

" Torbanehill Mineral " ; as it proved to be very rich 
in oil, Mesars. Young and Meldrum immediately experi- 
mented with all the different varieties of Scotch coals 
they could obtain, and they found a number of the 
Fifeahire coals gave results that compared very favour- 
ably with those obtained from the Boghead coal. 

On the occasion of a meeting of the British Associa- 
tion in Edinburgh in 1850, Messrs. Young and Meldrum 
spoke to Sir. Benney on the subject of manufacturing 
paraffin oils from Scotch coals, and the outcome of the 
conversation was that the three gentlemen decided 
I erect a work at Bathgate, Linlithgowshire, for the 
manufacture of oil from Boghead coal. They had 
serious thoughts as to whether it would not be better 
to start on the Fifeshire side, but as Boghead coal was 
the cheaper they decided on Bathgate, and commenced 
building the works in 1850 and manufacturing oil in 

1851. The contract of co-partnery between Young, 
Meldrum and Benney was signed in October 1851. 

Having thus shortly traced out the origin of the 
■Scotch mineral oil industry as regards " Boghead coal," 
it is now interesting to see what incident led to the 

manufacture of oil from " shale." According to an 
ftrticle entitled ' Struck He, or the Scotch Petrolia,' 
which appeared in the Glasgow Weekli/ Ilnrald of 
November 18, 1865, a poor miner of the historic name 

>f Douglas, who had charge of boring operations for 

wine coal-masters, one day instructed the borers in his 

B 2 



charge to keep aamplea c;'" ill the different minerals 
thi'ough which the boring instruments passed. Among 
the aaniplea were some pieces of " Scaly Blaes " which 
arrested his attention and set him thinking. Taking a 
clean clay tobacco pipe, and filling the bowl with the 
broken blaes, he cemented the top with soft clay and 
then placed the bowl in the fire. In a short time gas 
poured out in miniature volumes from the pipe stem, 
and then a black fluid began to drop from the orifice. 
After repeating this experiment over and over again, be 
suspected this " black fluid " contained paraffin, but bad 
no means of testing it ; and, rather than take into his 
confidence somebody who would have been able to help 
him, and make hia discovery of pecuniary value to him, 
this canny Scot preferred to keep his knowledge to 
himself, and consequently the results of his experiments 
did not come to light until too late to be of any value 
to him, 

Robert Bell, Esq., of Clifton Hall, Linlithgowshire, 
kindly furnished the author with the following state- 
ment : " In the year 1859 I took a lease of the Brox- 
burn minerals, and shortly afterwards, while searching 
for coal, came across large quantities of shale. When I 
saw the manner in which this shale burned, I determined 
to experiment on it, and had experimental retorts erected 
at Wishard, where large numbers of samples of the shale 
were distilled. The results were so encouraging that I 
immediately made arrangements for working the Brox- 
burn minerals on a large scale, and thus started the 
manufacture of mineral oils from shale in the year 1862." 

As we have already seen, 1850 was the red-letter 



year of the Scotch mineral oil industry, ns at the latter 
end of that year Messrs. Young, Meldrum and Benney 
commenced building the famous Bathgate Oil Works, 
which were completed early in the year 1851, 

In the contract of co-partnery Young agreed to 
supply the process for manufacturing the oil (which 
process he had protected by patent rights before setting 
up the retorts), Meldrum undertook to take charge of 
the works and personally superintend the manufacturing 
details, while, in Scotch phraseology, Benney " put up 
the rocks " — not the shale rocks, but that medium of 
eommerce more generally known as pounds, shillings 
and pence. 

The retorts that were first erected at Bathgate were 
of the ordinary horizontal gas-retort type, which gave 
an oil of such poor quality that Young felt very dis- 
Batisfied, and after the lapse of about two years he 
instituted the use of vertical retorts. The quality of 
the oil and expcditiousness with which the coal could 
be handled, resulting from this change in the form 
of retort, was so satisfactory that — according to James 
Taylor, one of Young's first employes— when Young 
entered the works one morning, about a fortnight after 
^e new retorts had been in operation, and had made 
his usual simple tests of the crude oil, he suddenly 
xushed over to where Meldrum stood, and, after nearly 
eapaizlng that gentleman in his enthusiasm, caught 
hold of his hand, and, whilst vigorously shaking it, 
gapped out, " Meldrum ! I congratulate you, for our 
fortunes are made." 

The first contract made by Young and Co., for Bog- 
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head coal was in October 1850, at the rate of 135. 6t/. 
per ton, but at the latter end of August 1860 the price 
had risen to 26s. per ton. One ton of this coal yielded 
about 22 lbs. of solid paraffin (0'098 per cent.), which 
substance was considered troublesome, and as much as 
possible was sent away in the different grades of oils, 
while that which separated from the oils of its own 
accord was removed and burnt. 

In 1854, Young commenced to separate the solid 
paraffin — by artificially cooling the oil — and stored it 
up in large quantities in the works, but it was not 
until 1858 that a practical process was discovered for 
refining it. It was greatly due to the inexhaustible 
energies of John Galletly, Young's chief chemical adviser, 
that paraffin wax became a commercial article in 1859. 

Great curiosity was, of course, manifested by all in- 
habitants in the neighbourhood, and for miles around 
the Bathgate Oil Works, To prevent too inquisitive 
people from learning or seeing too much of the methods 
and machinery used in making and refining the crude 
oil, a massive stone wall, calculated to withstand an 
attack of artillery, was built round the works ; and the 
two heavy wooden gates, which afforded the only means 
of ingress and egress, being constantly guarded, caused 
the works to be generally spoken of as " the secret oil 
works." Young was fully aware that even the above 
precautions were not wholly adequate to prevent men, 
who might gain admittance in the guise of workmen, 
from learning his secrets ; and therefore, to make his 
k secrets doubly secure, he adopted names for the various 
products, which, t« the uninitiated, gave no clue what- 
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ever as to the stage iu refining to which any nf the 
products belonged. For instance, he called crude oil 
Black Liquor ; crude oil after distillation, Green Liquor ; 
lubricating oils after the extraction of the wax, and 
before the acid and soda treatment, Blue Oil ; and re- 
fined lubricating oil, when ready for the market, was 
termed Finished Liquor. 

In 1851 two oil works were in existence in Scot- 
land, one being the Bathgate and the other a small 
work at Crofthead ; which latter was of small account, 
and only did business for barely a year, thus leaving 
only the Bathgate work in existence in 1852. 

In 1853 the Clydesdale Chemical Company, often 
erroneously called the Cambuslang Oil Company, started 
•in the oil business, and its operations led to one of the 
lijznoat famous lawsuits ever tried by jury. The trial 
commenced on November 1, I860, and lasted over a 
week, during which time the services of Great Britain's 
most eminent chemists were brought into requisition 
by either one side or the other, their testimony being 
taken with a view to determining the line of demarca- 
tion between shale and coal. The Clydesdale Chemical 
Company's works were built at Cambuslang by Brown 
Brothers and Co., with Bain {on whose estate the works 
were situated) as sleeping partner. When operations 
;were first commenced, crude oil was produced from 
■parrot coal, but the company eventually resorted to the 
■BBC of Boghead coal, which they retorted by the process 
Jmown as the Continuous Distillation in Ovens, obtain- 
ling by this process a yield of 85 to 90 gallons, of 880 
(Bpeeific gravity, crude oil per ton of coal. Refining 



NERAL OILS AND BY-PRODUCTS. 

operations were also carried out at these works, and 
everything went along prosperously for about seven 
years. As the company was using an infringement of 
Young's patent, it very naturally made every endeavour 
to prevent the nature of the work it was engaged in 
being made public ; but notwithstanding every pre- 
caution bcmg taken, word reached Young's ears of what 
was going on in those works, and he immediately 
started the law plea above referred to ; and, being 
awarded a favourable verdict by the jury, he stepped in 
and relieved the Clydesdale Co. of 6000^. and Zd. or 
Zhd. on every gallon of crude oil manufactured by it. 
The result was disastrous to the company, which was 
completely ruined, and Brown Brothers withdrew from 
the business in 1862 ; but Bain took Carlile (who had 
previously been acting as chemist for the company) 
into partnership, and the new firm carried on the busi- 
ness under the name of Thomas Carlile and Co. until 
the year 1867, when the work was finally abandoned. 

In 1857 three oil works were in existence, when 
Miller and Sons had started their work at Aberdeen, 
where crude oil was produced from Boghead coal. This 
work did a flourishing business in both crude and refined 
oils until the year 1864, in which year the work was 
closed, owing partly to the high price of Boghead coal, 
but perhaps more particularly to the fact that Young dis- 
covered that Miller and Sons were infringing his patents. 

In 1860 Sir James Simpson staited a work at 
Oakbank, Mid Calder, Midlothian, and, after receiving 
fairly good returns from his investment for three years, 
He formed a private company which was very success- 
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., and led to the oil work and mineral fields finally 
loming the property of a limited liability company 
'hich was floated in the year 1869. 

Dougal and Brothers' oil work was also started in 
is year, near Blackburn House, BlackbuTD, Liulithgow- 
The work might have been in operation to this 
^y had the supply of shale held out, but, as it was, the 
ipply of that commodity only fed the thirty retorts 
■r two to three months, and, after spending 8000^. in 
fruitless search for more shale, their retorts to the 
[uery " How's the oil Imsiness ? " were cold indeed. 

Simpson started a work at Benhar in this year, and 
t was in operation until about 1874, when it became 
be property of a limited liability company floated by 
fimpson ; but before the company had a chance to get 
xted they found the capital had all been absorbed. 
In 1861 five new works sprang into existence, some 
which only lived for a year, and some for eight 
nine years. The longest-lived was the Harthill Oil 
^ork, owned by Paul and Grey, who ha<l a ready 
uycr for their crude oil in the Inverkeithing Oil Works 
lompany, when the latter started refining in 1864. 

In 1862 seven more works were started, of which 
te West Calder Oil Company's (also known as Fell's) 
pork, situated about half a mile from West Calder 
, was the most important. This work was 
dginally intended for the crude oil business only, 
t after a few years of prosperity, the company 
inched out into the refining business also. This 
ive was the principal cause of the downfall of the 
npanj-, because the market value of finished products 
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fell to such an extent, just when the refinery was ready 
to start, that the anticipated returns from the money 
invested in the erection of the refining plant were never 
realised. The company failed in 1879, and its work 
was bought by Young's Paraffin Light and Mineral Oil 
Company, Limited, who pulled down all the apparatiis 
that was of any worth and transferred it to their 
Bathgate and Addiewell Works. 

In this year Bell sublet a portion of his shale fields 
to Fauld, under the condition that a stipulated quantity 
of shale be retorted per annum, and failing that the 
work was to be abandoned. Fauld built a work just 
north of Broxburn village, and set up thirty-six hori- 
zontal and thirty-two vertical retorts, but in a year or 
two found his inability to comply with the terms of the 
lease and had to confiscate his work to Bell, who about 
1865 let it to Steel, together with a lease of the shale 
fields, under the same conditions as Fauld had it. Steel 
found his level with Fauld after a very few months' 
practical work, and therefore the Broxburn Oil Work 
(under which name the work had gone) again reverted 
to Bell, who then carried on the crude oil business him- 
self, until he eventually disposed of the work and shale 
fields to what turned out to l)e one of the most success- 
ful of the Scotch oil companies, namely, the Broxburn 
Oil Company, Limited. 

The year 1863 brought forth eight more works, but 
only one of those needs special note, and it was the 
Addiewell "Works. The fast approaching exhaustion of 
the Boghead coal mines about the year 1859-60, caused 
k Young to look around elsewhere for a new supply of oil- 
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yielding material. As l)urning oil was at that time in 
greater demand and more profitable than the lubricat- 
ing oils, or even wax, and as the Addiewell shales were 
known to yield a larger percentage of burning oils than 
any of the other shales. Young took a lease of those 
shale fields and concluded to build a new work in their 
vicinity. The corner stone of the oil refinery was 
laid by Young's intimate friend, Dr. Livingstone (the 
noted African explorer), and the works were completed 
about the latter end of 1865. This work will be re- 
ferred to more particularly under the year 1866. 

In the year 1864 no fewer than thirty-eight new 

'orks sprang into existence. One of these, started 

y Messrs. R. Carrick and Arnott, was known by the 

ame of the " Methyl Paraffin Oil Works," and was 
situated at the north-east corner of Methyl "old" 
harbour, in Fifeshire. The crude oil was made from a 
gas croal found in the Pirnie Parrot Coal Seam, which 
later on was found to the north-west at a depth of only 
twelve feet from the surface. The crude oil was refined 

nd sold in the neighbourhood for 3«. 6</. per gallon ; 

lUt a year or so later a contract was made to supply a 
Newcastle merchant with the oil at the rate of 2s. 6rf. 
per gallon. The tanks in which the oil was stored 
while in course of purification were made of brick and 

iment ; but this method of storage led to such a large 
by leakage that the firm failed in 1868, and the 

lembers had to leave the country in order to escape 
Mr. Benney {on whose estate the work was 

ituftted) carried on the business until 1970, when he 
.ve it up as unprofitable. 



John Nimmo and Sons started a work at Thirlatone, 
near Grange Pans, at the east end of Boness. It con- 
tained forty-two retorta in all, twenty-seven of which 
were round in cross section, and made at luverkeithy, 
while fifteen were of the flat type, made by Ballantine 
at the Grange Foundry. The original intention of thei 
proprietors of this work wa3 to manufacture oil fron^ 
waste Parrot coal, but finding it unprofitable, they use^ 
Boghead Parrot and finally Methyl coal. The tatter 
was phipped to them m sloops from the north aide of 
the Forth, and yielded about 40 gallons of 880 specifia 
gravity crude oil per ton. Although a refinery was 
erected it was never put into use, and was eventually 
pulled down and sent to Slamraanon. The work was 
closed in the year 1867. 

In 1865 the number of new works that appeared 
on the scenes was eleven. Of these, the one built by 
the North British Oil and Candle Company, and situatecl 
at Lanark, where the crude oil brought from Shott'a 03 
Work was refined, has perhaps received more public notica 
than was either anticipated or wished for. This com- 
pany is noted as being the first of the Scotch companies 
to manufacture candles ; but it did not make a success 
of even that, and, after struggling along for a number 
of years, it was finally reconstructed in the year 1883. 

1866 is noted as being the year in which the much- 
heard-of Young's Paraffin Light and ilineral Oil Com- 
pany, Limited, came into existence. It was started 
with a capital stock of 600,000/., of which abouf 
400,000/. was paid to Young for his Biithgate aiK 
Addiewell Works, together with the leases of the shall 
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fields, ikc, while Young retained a large holding in the 
company, and aoted on the board of direetore. 

Although this company was fairly prosperous for 
some years, and had an output equal to about one-third 
of the total production of the Scotch works combined, 
it cannot be said to have been a financial success of late 
years ; due, firstly, to its having been handicapped, aa a 
large dividend payer, by the burden of carrying such 
an excessively large capital, and secondly, being the 
firat company of any importance, the works were 
necessarily fitted up with expensive apparatus and 
'machinery that proved iu a few years to be unsuitable 
ibr refining the oils so as to suit the more exacting 
tequirements of the later-day trade, and consequently 
i^xtensive and expensive alterations in the plant were 
constantly being made. AVliile this company was 
spending thousands of pounds on experiments and 
new apparatus, outsiders were carefully watching the 
nsults, and when new companies were formed they 
reaped the benefit of Young's company's experiences 
and buUt their works on more systematic plans, and 
adopted the use of only such apparatus as experience 
Jiad proved was efficient, thus escaping the necessity 
and heavy expense of making radical changes. 

Had Young's company adopted the policy of 
patenting its improved apparatus, &c., instead of rely- 
on its employes to keep such matters secret, it 
ould be in a decidedly better financial position to-day 
than it is, and some of the younger companies would 

paying royalties to it instead of using its improved 
processes and apparatus ad lib. Thirdly, Young's 




company met with a serious loss in the withdrawal of 
Mr. Toung from the board of directors, as he was 
the only man on the board who had had any really 
practical experience in the manufacture. 

Sixteen other works, besides Addiewell, were started 
in this year, and of these only four will be specially 
noticed. One, the Uphall OH Work, started by Messrs. 
Meldrum, McLagan and Simpson, had a successful run 
for some years. Meldrum supplied the necessary funds, 
MeLagan the shale, as the work was on his estate, and 
Simpson took the management. This work became the 
property of the Uphall Oil Company, Limited, in 1871, 
and of Young's company in 1884. 

Another work was the Coatbridge Oil "Work, which 
was locally known as the Waterford Oil AVork, on 
account of most of its officials and workmen being 
Irishmen. The work was situated at Kirkwood, near 
Coatbridge, and consisted of 109 Griffiths' patent 
retorts, and a refinery that was capable of handling, 
the crude oil produced by the other works in the 
district as well as its own — the total amount of crude 
oil it refined averaging 2,746,000 gallons per year. 
The gas coals of the district, bonnets and shales of. 
different kinds, were retorted, and yielded about 40 
gallons of crude oil per ton of mineral. This work waa 
sold in the year 1878, but, owing to the purchasers' 
failing to obtain a lease of the minerals, it was closedl 
after that date. 

Another notable company was the Glasgow Scottish 
Oil Company, which was a private concern that erected 
a work at Burngrange, West Calder, and went out of 



I 



existence the same year — after making 10,000 gallons 
of crude oil at a cost of 10,000/. 

Lastly, the Hermand Oil Work, started by Dennit 
and Brown near West Calder, was noteworthy on ac- 
count of the aeam of shale worked by this concern — 
and named after Dennit — afterwards turning out to be 
one of the most valuable seams in the West Calder and 
Addiewell districts. The work was abandoned in 1873. 

In 1867 one new work, the Sterlaw Oil Work, was 
started. It was situated at Sterlaw, near Bathgate, and 
was built by Meldrum, McLagan and Simpson, for the 
production of crude oil, which latter was sent to the 
Uphall Work to be refined. 

The year 1868 was fruitless, while 

In 1869 only one new work and one company put in 
an appearance. The company was registered under the 
name of the Oakbank Oil Company, Limited, and had a 
capital of 60,000/. It took over the Oakbank Oil Work, 
built by Simpson in 1860, and which was the property 
of the ilid Calder Oil Company in 1863. The Oak- 
bank Company was very successful at the start, but the 
constantly decreasing prices for finished products, to- 
gether with the adoption of a bad form of retort, 
brought it to the verge of bankruptcy in 1886, and 
jieeessitated its reorganisation. The extension to the 
rorks and general reorganisation were completed in 
[ay 1887, after an expenditure of 30,236/., and the 
Company was then placed once more on an equal footing 
iih its competitors. 

In 1870 two new works were started, but were of 
D special note, and 



In 1871 two more new works started operations and 
one olil work changed bands. 

Of the new works, that of the Dalmeny Oil Company, 
Limited, will be specially referred to. This company 
baa been a phenomenal success, and as it has always 
been a crude oil work only, and has not had any special- 
advantages as regards shale fields, Sec, it points to tihfl 
fact that there is not much profit in refining unleafl 
done on a sufficiently large scale; and if some of the 
other ventm-es had followed the Dalmeny Company'ai 
example, and stuck to the crude oil business, and left 
the refining to those more capable of doing it, it would 
have been better for al! concerned. 

The new company formed this year was the Uphall' 
Oil Company, Limited, capitalised at 170,000/., which' 
bought the Upliall and Sterlaw Oil Works, built by 
Meldrum, McLagan and Simpson, 1866-67. The com- 
pany eventually met with insurmountable reverses, and 
being unable to do any better, finally amalgamated 
with Toung's company. 

In 1872 two small new works were started, one 
near Paisley and the other at Benhar, 

In 1874 a limited liability company was formed tO; 
take over Simpson's " Benhar " work, but the capital 
was all absorbed, and Simpson suddenly found a change 
of climate necessary for bis health. 

In 1877 the famous Broxburn Oil Company, Limited^ 
was floated, with a capital of 1 80,000/. This company 
bought up the oil work and shale fields acquired by 
Bell in 1862. Bell, besides being a large stock-holderj 
also took an active interest in the management of thjB 
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company, which latter has been one of the greatest suc- 
cesses in the history of the Scotch oil industry. 

The Straiten Oil Company also started in this year, 
with a capital of 50,000/. It was anything but a 
booniing success, and will be again noticed in 1882. 

In 1880 the Walkinshaw Oil Company, Limited, 
with a capital of 120,000/., bought up the Abercorn Oil 
^Vork {which had been built near Inkerman in 1871), 
and also a work built by Jas. Greenshields and Co. near 
Johnstone in 1866. This company, like many others, 
was more heard of in the Liquidation Court than else- 
where. 

The Clippens Oil Company, Limited, with a capital of 
360,000/., bought up the Clippens Oil Work (started by 
Benney in 1871), together with the Pentland Oil Works. 

In 1881 the Burntisland Oil Company, Limited, 
was floated, with a capital of 20,000/., and took over 
the Binnend Oil Work. 

In 1882 the Straiton Oil Company, Limited, got 
into such straitened circumstances that it had to be 
either financially reconstructed, or give up business. 
As there still appeared to be plenty of people with 
more money than brains, ready to rush blindly into the 
oil business, sufficient capital was soon raised to buy 
out the Straiton Oil Company, and carry on its busi- 
ness under the name of the Midlothian Oil Company, 
Limited— see 1884. 

In 1883 the oil craze seemed to take a fresh spurt, 
no less than si.x new companies appearing on the field : — 

The Bathgate Oil Company, Limited, capitalised at 
'50,000/., and works at Seafield. 
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The Pumpherston Oil Company, Limited, with a 
capital of 70,000/., and works at Pumphei-aton. 

The Westfiekl Oil Company, Limited, with a capital 
of 25,000/., bought the old Capeldrae Oil Work. 

The AVestlothian Oil Company, Limited, with a 
capital of 100,000/., erected a crude oil works at Deans, 
and bought Simpson's old Benhar work and used it as a 
refinery. 

The Philipstoun Oil Work, started by the private 
company " Jas. Ross & Company," two miles east of Lin- 
lithgow, with, it is said, a capital investment of 60,000?. 

Last — 'but not least as far as trouble goes — the 
Lanark Oil Company, Limit-cd, which spent 80,000/1 
on improvements at the old Lanark work of the late 
North British Oil and Candle Company. The company 
also acquired Fernie's tumbled-down Cobbinshaw Oil 
Work, at which latter work they produced the crude oil 
and distilled it, sendiug the distilled oil to the Lanark' 
-work to be refined. After running two years, the direc- 
tors found it advisable to reduce the original capital of' 
10,000 shares of 10/. each to 10,000 shares of 6/. each 1 

In 1884 oil companies were harder to float, but not-- 
withstanding that fact three new companies were formed 
and two changes of ownership took place. 

The new companies were :— 

The Linlithgow Oil Company, Limited, with a capital- 
of 200,000/., and works at Cliampfleurie, Linlithgow, 

The Holmes OU Company, Limited, capitalised at 
100,000/., and having a work at Holmes, Uphall. 

The Millburn Oil Work, owned by the private com- 
pany of Smith Brothers and Murling. 
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The changes in ownership were, the amalgamations 
of the Upliall company with Young's company, and the 
Midlothian company with Clippena' company, 

in 1886 the Hermand Oil Company, with a capital 
of 265,750/., bailt a crude oil work at West Calder, and 
did a fair business until it took the Walkinshaw Oil 
Company into amalgamation in 1890, The principal 
reason for the amalgamation was to secure the Walkin- 
shaw company's refinery, which had been standing idle 
since 1886. It of course entailed the expenditure of a 
very large sum of mouey to put the refinery into 
working order, not to speak of the new and improved 
machinery that was bought " to enable the company tn 
manufacture or refine oil as cheaply as its competitors ; " 
and, when everything was ready to start, the company 
concluded that, as market values had taken a sudden 
drop, they would close up both their works until the 
market improved again. Both works are still closed ! 

The year 1887 was a black one for the 8cott;h oil 
trade generally, as will be seen later, but notwithstand- 
ing that, it was only too apparent the backbone of the 
trade was broken. 

In 1889 the Caledonian Mineral Oil Company, 
Limited, was floated, with a capital of 120,000^., and 
acquired the mineral fields of Tarbrax, Greenfields and 
Cobbinshaw, together with the crude oil work at Cob- 
biDshaw and refinery at Lanark, formerly the property 

iof the Lanark Oil Company (then in liquidation). The 
purchase price was 45,000/. This company paid one 
5 per cent, dividend, but since then has kept quiet on 
ihe subject of divideudH. 



MINERAL OILS AND BY-PRODUCTS. 

TABf-E I. 
. Eb. = Horizontal EetortB. V. Rs. = Vertical Bctorts. 



la of Work or CompaD?. 



bercorn Oil Work . 



bcnieon 

ddiewell 



lirdiie Mineral Oil Co. 
Ibyn Oil Work 



mad ale „ 
.nchcubcatli Oil Work 

>Dhimd „ 

inkhnll 



Iftckston 
lackatoTin 



ridesholm 
toxburu 



Origianl Prapricton. 



Aboroorn Oil Co. . 

Miller & Sons 
Jft8, Young . 

Femie .... 
Trustoea of John Wil- 
son of DundjTaii 
P. Soott. 
J. & J. Eaird 
Duuglas iJc Eoag . 

Young, Muldrnm & 
Bennoy 

Wm., John & Thomas 
Wiiteon 



Allen Craig A Sous 



Blftokston Mineral Co. 
Allen Ctaig 4 Co. 

Fauld . 
Liddlo . 
McClintock . 

Pointer. 



FDzbnm Oil Co., Lid. 



Near WinohbnTgl^^ 

man 
Near Aberdeen . 
Addiewell, Wert 

Midlothiaa 
Airdrie . fl 

Broibum . 
Near Catdcrcrnix, n 

drie 
Near Armadale . 
Lesmahagow 



Bathgate 



Bellsquarry, nr. WJ 



Fifeshire . 

\\ miles from LarklU| 

Blackburn, near BUd 

BlacketoD, near Puiih 

Liu wood, near Johj 

Paisley J 

Cddinggton ■ 

West end of Broibrf 
Eomnu Camp „ 
S. side of canal, Broz! 
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Tabu L 
= I>4lup8dBstorto. 



S.G. <=StmOoing. 



H. Its. to end of 1871, aud then 240 V. Bs. ; crnde oil only ; 

1880, Wttlkinshaw OU Co. 
H.Bs. ; crude and rofiuivg. 
AitervrudB Young'a Poraffia Light and HinerBl Oil Co., I 



Fsnld'a Work rebuilt; V. md H. Es. : WTertod to Bell. 

12 Btill and 12 Cowan Rs. ; stood a year or two, then rontoi. 

J. Eirk for short time. 
24 H. &B. ; crude onl; ; gravil? 895 to 902. 



First Scotch Oil Work ; Toang'H P. L. »S; M. 0. Co. in 1866 ; al 

1887, Biilphuric Qcld maDufnctory only. 
Bankrupt 1887, Bad handed over tu aequeetration under control 

[J. Ponder. 



Bought b; Went Lotfaiaa Oil Co. 1874, and worked nutil 1888. 



Bought by Bnintieland Oil Co. ; now in handa of Eecetver. 
20 D. Bs. ; cnide oil only. 
30 H. Bb. ; 



44 V. Es. ; crude oil only. 



Afterward a Albyn Oil Work. 

30 H. Ba. 

12 H. Ba. ; about 1866 Froaer'a property, and then 75 H. Ra. and 

30 H. Ks. ; crudo oil. [aiuall refinery, 

30 H. Bs. and 50 V. Bs. ; crude only. 



^^^^^^fmSxA^SsA^^^ffoncfc^^^t 


Name of Work or Compatij. 




H 


BuGkside Oil Work . 


McLagnn . 


Near FumpbeiMJ 


Burntisland Oil Co., Ltd. . 




BumtiBlond, Flfei 


Caledonia Oil Work . 


Goo. Simpson 


Paisley 


Caledonian Mineral OU Co. 


.. 


Cobbinshftw and I 


Capeldnie Oil Work . 




Card en den, Lochg 


CapputliaU Bop Oil Work . 


Ferris, Femio & Co. 




Carlowrie Oa Work . 




„ Kirkliston 


ClippenB Oil Co., Ltd. 




Paisley 


Clippoua Oil Work . 


Hobt. Binnoy & Son . 


Near Johnston, Pi 


Clvdesdalo Oil Co. . 


Bro\m BroH. & Co. 


Cambiislang 


Colbioshaw Oil Work 


Brand & HiBlop . 


OobbiEsbaw 


•1 n 


Fernio . . , . 


Tarbmx, Sonth Co 


. " 


John & AlGi. Munglo . 


Half way on no 
Cobbinshftw Lo. 


Coneypark Oil Wcrk . 




.. 


Ornigio „ 




Eilmaruock 


Oroftlioad 




Crofthead . 


Crown Point „ 


Palmer & Co. 




Dalmeny Oil Co., Ltd. 




Dalmeny . 


DrunicroBS Oil Work . 


Lost«r & Wyllie" . . 




Dryflot 


J. llobort8on,Jun.&Co. 




Drumgniy „ 


J. Rankin . 


UreengairB 


East Fulton „ 


JaB. GreeOBhields & Son 


Near Johnston . 


FerguBhill „ . . 




Dieghorn, Kilnur 


Forth and Clyde Oil Work 






Glasgow Scottish OU Co. . 


Brydcu, managing part- 


Burngrange, Weal 


Glentura Oil Work . 


Robinson, Donald & Co. 


1 


Grange „ 


J. P. Riioburn 


Gunsgreen ToIV] 


Greendykes „ 


Bobt. BcU . 


Greengairs „ 


Tbomton 


Greengairs 


Harthill 


Paul & Gray 


Hartwood Estate, ' 


Hermand Oil Co. 




Breich, West Gale 


Hermand Oil Work . 


Thornton . ". 




" ■ ■ 


Donnit & Brown . 


3 mile east of W^ 
south side of 1 


High PosBil „ 


Walker 




Holmes Oil Co., Ltd. 




HolmeB,'Uph(ai 


Hnrlford Oil Work . 




Kilmarnock 


^_^ ^ 
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[. 



Aban- 
doned or 
Changed 

Uund& 



Remarks. 



1867 
1896 
1871 

1868 
1878 
1877 
&G. 
1873 
1862 
1871 
1873 
1873 

1870 
1876 
1851 
1867 
S.G. 
1870 
1871 
1874 
1873 
1878 
1867 
1867 

1877 
1876 
1871 
1867 
1869 

1870 
1878 

1871 
S.G. 
1876 



Fonnerly Binnend Oil Work. 

Snccessors to Lanark Oil Co. 
Aiterwards Westfield Oil Co. 



Formerly Binnoy's Clippens Oil "Work. ; 1881, refinery only. 
After 1873, Binney only ; 272 Rs. ; crude and refinery. 
After 1862, Tbos. Carlisle ; continuous distillation in oyens \ 

[crude and refinery. 
41 H. Bs. ; sold to Black in 1873 ; Lanark Oil Co.'s in 1883. 
36 D. Es. ; crude only. 



Bought by Oakbank Oil Co., and pulled down. 



20 H. Bs., crude and refinery to 1873 ; then Jas. Liddle <& Co. ; 

[Walkinshaw OU Co. in 1880. 

Crude only. 



100 Bs. 



Shut down — waiting for better times ! 
150 H. Bs. ; crude only. 




Kilrenny „ 

Kilwinning „ 

Kirkwood „ 

Lanarfc Oil Co., Ltd. 
Lanomark Oil Wurk . 
LoavenHcat „ 
Limerigg „ 

Linlithgow Oil Co. 
Lochgelly Oil Work . 
Low PosbU 
Methyl Paraffin OU Co. 

Mid Calder Oil Co. . 
Midlotbian 
Milbnrn Oil Work . 
Nettlehole „ 
N.irth Britiah Oil 

Cnudlo Co. 
OftkbaDk Oil Co., Ltd. 
Oftkbtttik Oil Work . 
Old Monkland Oil Work 
Over PoflBil 
Page & Uo.'b 
ParafBo 
Pathbead 
Pentland 
PLilipstuun 
Port Dundas 
PumpLerBton Oil Co., Ltd. 
Cigi^ond Cimmical and Oil 

Work 
HoactiBoles Oil Co. 
EoBewell Oil Work . 
Rosa 



and 



CoatbridgQ Oil Co. 
Gray & Tbomton. 



Smith Bros. & Murling. 



Sir James SimpBon 



JaB. Spcnco & Co. 



Fife . 

Kirkwood, neftr ( 
Tarbrax and Lanuk i 
New Cummock . ^ 
Crofthead . . ,j 

Slaiiimanon , j 

Cbampfleurie, LiiliOJ 

N.E. coruer of Metll 

Harbour 
Oakbauk, Mid Calda 

Larkhail . 

Lanark 

Oakbaok, Mid Coldfl 



Mandell 

Fife . 

Loauhead, near Kdinbn 

Philipatouu, nr. Liuliti 



PumpherBtou, near 



Raebog 

WLitehall, Peebles B 

Fuuldkirk . 
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■ed. 





Aban- 


I 


doned or 


d. 


Cbanfced 




Hfcndd. 


1 


1866 


L 


1869 


i 


1869 


i 


1871 


8 


1878 


3 


1886 


4 


1867 


4 


1870 


4 

4 


1872 


ft 

4 


1869 


1 


1872-3 


i 


1868 


3 


1869 


2 


1884 


It 


• • 


s 


1875 


5 


1883 


9 


S.G. 





1863 


6 


1870 


4 


1869 


4 


1871 


4 


1873 


7 


1876 





ao. 


3 




6 




8 


8.0. 


5 


1874-5 


4 


1872 


4 


1871 


4 


1865 


4 


1871 


5 


1870 



Remarks. 



Befinery only ; supplied with cmde from HartLill Oil Work ; had 
twelve 1500-gallon stills made of malleable iron, and double 

[riyeted concave bottom. 

[refined 2,500,000 gallons per year. 

109 Griffiths Patent Bs. ; cnide and refinery ; also bought crude ; 

160 Young and Beilby Bs. at Tarbraz ; refined at Lanark ; after- 

[wards property of Caledonian Mineral Oil Go. 



40 H. and V. Bs. crude and refinery ; sold to Binney, 1868, then 

16 Bs. and crude only ; stopped 1870. 
After 1869 property of Oakbank Oil Co., Ltd. [1884. 

Formerly the Straiten Oil Go. ; amalgamated with Glippens Co., 
Crude only ; made chiefly from dross of main seam of common coal. 

Befinery only ; made candles 1866 ; property of Lanark Oil Go. 

1883. 
Formerly Mid Calder Oil Co. ; been reconstructed number of times. 
Property of Mid Calder Oil Co., 1863, and of Oakbank Oil Co., 

[1869. 



See Glippens Oil Co., Ltd. 



^^^^^B 


^m 




^KHune of Work or ComiiaDy. 


Original ProprietoM. 


Location. 


KrinfaiU Oil Work . 




DalBorf, Laoark. . 


^Bhand'a 


Geo. Siiand & Co. 


Stirling . . , 


ShuttlsHton Oil and CLomi- 




East Glasgow . • 


cal Co. 






Shotts Oil Woik 


Geo. Gray &Aler. Dick 


Dykchoad, HilUioitl! 


Stenrigg „ 


Black .... 


New Monkland, AJn 


Sterkw „ . . 


Miildruin, McLagan & 
Simpson 


Sterlaw, neia Batbgi 


Sterlaw Oil Co. 






Stowartfield Oil Work 


Robt. Bell . ". 




Stewart's 


, 


Stewart 


Stewart Estate, WJ 


Straiton 




Straiten Oil Co. . 


Loauliead, near Edi 


Bt. Eolloi 




Cairns & Co. 




Struther's 




Strutter 


.. 


Taylor's 




Taylor & Co. 


Leith 


Tliirletane 




Jno. Nimmo&Sons . 


BoDoss, east end of 






Pans 




Newall & Co. . 


Kirkwood . 


Uphiill Oil Co., Ltd. . 


„ 


DphaU . 


Uphftll OU Work . 


Meldrum, McLagan & 

Simpson 


■ ■ 


Vulcnn „ 




Port Dnndas . 


Wnlkinshaw OU Co. . 




Inkennan and John 


WeBtCalder „ 


Foil ". . ". 


West Calder . 


\VBatfieiaOUCo.,Ltd. . 




Fiib . . . , 


W«Btl..t!iian „ „ 




Deans and Benhar 


Wbiterigg Oil Work . 


Jas. Pattison 


New MonkUnd . 


Young's Paraffin Light and 




AddieweU, Batlin 


Mineral Oil Co., Ltd. 




Uphall 


1. A 




Aban- 
donod or 

B«ndB. 



1870 
1871 
8.G. 



S.O. 
1875 

1872 

1«06 
1871 
1865 
1882 
1865 
18G9 
1871 
1867 

1870 
1886 
1871 



1870 

B.a 



30 H. Rb. ; cruile only ; suppliod crude to Nortb B 
Caudle Co. aud UEihall Oil Co. 



Beoame property of 'UpljBll Oil Co. in 1871. 



After 1882 property of Clippens Oil Co. 



Distilled Straiton Bhale. 

27 Konnd, 15 Flat Kfl. ; enideonly; refinery built, bnt not I 

Locally known aa Nackerty [with Young's Co. in 18( 

Formerly Dphall Oil Work and Storlaw Oil Work ; amalgunat 
Became property of Upball Oil Co. in 1871. 

[and East Fulton Oil Worb 
Amalgamated with Hermand Oil Co. in 1890 ; formerly Aberoor 
BoDght by Young's Co. in 1869, and tben pniled down. 
Formerly Capeldrae. 
Bought Simpson's Benhar Work for a refinery. 

Formerly Young, Meldrum and Bonney, and also Uphall Oil Co. 



The tabular statement (Table 1.) shows the dates, as 
nearly as could be ascertained, of the starting and closing 
of the various works, together with other infonnation of 
interest that could be obtained. 

It is certain that within the forty-five years' life of 
this industry 117 works have been built, and this number 
may possibly have been greater, as there is a liability 
that one or two unimportant and small works may have 
existed for a short time and have escaped the Author's 
investigations. Some of the 117 works changed hands 
three and four times, and altogether there were twenty- 
four changes of ownership that are known of, and there- 
fore, practically speaking, 141 different proprietors have 
tried their hands at the business. 

In 1850 — 52 oil works were in operation. 

„ 1860—67 

„ 1870—61 

„ 1880—19 

„ 1890—14 

„ 1895—12 

It will be seen by referring to Table II. that the shale 
distilled in late years shows a great increase over former 
years. The compauies engaged in the crude oil business 
only have earned and paid very fair dividends, whereas 
those engaged in the crude and refining business have 
been sorely tried. 

As the price of crude has fallen proportionately 
with the fall in price of finished products, it is very evi- 
dent that far greater strides have been made towards 
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Table II. 




TT...^ — 


Tons of Shale Distilled 


I. 


Year. 










East Sootland. 


West Scotland. 


Total. 


1873 


439,615 


84,480 


524,095 


1874 


277,210 


84,700 


361,910 


1875 


377,108 


46,314 


423,422 


1876 


454,892 


86,381 


541,273 


1877 


581,351 


102,767 


684,118 


1878 


535,626 


110,313 


645,939 


1879 


624,912 


87,516 


712,428 


1880 


730,777 


63,060 


793,837 


1881 


840,259 


71,912 


912,171 


1882 


898,754 


93,733 


994,437 


1883 


1,043,499 


87,230 


1,130,729 


1884 


1,365,157 


104,492 


1,469,649 


1885 


1,665,667 


76,083 


1,741,750 


1886 


1,655,427 


43,717 


1,699,144 


1887 


• • 


• • 


1,368,704 


1888 


• • 


• • 


2,026,779 


1889 


• • 


• • 


1,962^15 


1890 


• • 


• • 


2,1^,824 


1891) 

to [ 

1895 J 


Averaged 


each year abont 


2^^000,000 

/ 



cheapening the cost of retorting shale than in refining 
the crude oil. The refining is still carried on with the use 
of the small apparatus used years ago, or with but very 
little increase in size, so that but slight reduction in the 
cost of labour, steam, repairs, &c., has been effected, and 




the refiners have been unable to do a profitable businefia 
in competition with the " go-ahead " foreign manufac- 
turers ; and from a once prosperous and thriving indus- 
try the Scotch oil trade has now dropped to a virtually 
unremunerative one, with but few good prospects ahead. 

The year 1886-87 was undoubtedly the worst the 
Scotch trade ever experienced, and all the companies were 
more or less sufferers. 

Young's company headed the list with a year's work- 
ing loss of 42,325/. 16s. Sd., without allowing anything 
for depreciation. 

The Linlithgow Oil Company came nest with a 
loss of 3904^,, and then the Pumpherston company with 
a loss of 1160/., making a total loss in one year of 
47,389/. 16s. Sd. 

Broxburn, instead of declaring its usual 25 per cent, 
dii'idend, only had 15 per cent, to declare; Burntisland 
gave its shareholders only 7 per cent., as against 20 per 
cent, of the year before ; and Holmes company's share- 
holders had to be satisfied with 5 per cent., as against 
the previous year's 8 per cent. 

In these days, holders of the regular shares in the ■ 
Scotch oil companies stand a poor chance of sharing in 
the profits (if there are any) of the companies, owing tO' 
the latter having burdened themselves with enormous 
sums in debentures, loans and preference shares, on 
which interest must be paid, and by the time that 
is paid but little, if anything, is left for the share- 
holder. 

Tabular statement No. III. shows the amounts of loans, 
and debentures compared with the original capitals of 





OriginBl Capital. 


Loanaand Dcbebturea. 


\ 


188G. 


1887. 


IfiSG. 


18S7. 


Broibnrn . 


100,750 


109,750 


64,008 


85,106 


Bumtialftnd 




110,450 


144,050 


51.500 


55,200 


Clippena 




217,050 


247, G50 


103,184 


122,051 


Holmes 




35,000 


35,000 






liinlithgow. 




159,374 


160.000 




43,816 






76,500 


107,270 


52,345 


48,040 


WcHt Lotbiao 




82, 3H 


74,808' 


10,466 


7,400 


Young's , 




G05,fi25 


€05,625 


435,548 


526,262 



■ After reduction in capitoL 



iie various companies in 1886 and 1887. Itwillbeseen 
|±hat the Holmes is tlie ouly company that ha.s kept itself 
ree from this burden, while the other companies have 
involved themselves to an extent of from -jV ^-o t ^^i^^i^ 
original capital, making a total increase of liabilities of 
190,705/. over the year 1886. 

Since 1884 the depreciation in the value of the 
iharea has been ruinous to investors, aa will be seen by 
referring to Tabic IV. 

The above depreciation in share values mean.s a total 

i to investors of 1,124,044/., in two years. 

From 1 8S7 to 189 1 the companies had a hard 
ttruggic for existence, and notwithstanding that the 
leginuing of 1891 showed no brighter prospects for the 

trade than the previous years, yet a new concern 
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conaultetions between the American and Scotch oil »■ 
preaentatives was the formation of the Scottish Mineral 
OH Association in 1887. At the start this Association 
did not comprise the whole of the Scotch manufacturers, 
owing to the perverseness of certain directoK of th^ 
companies ; but after a while these men gradually com: 
menced to come to their senses, and the companies they 
represented joined in with the others, with a view to 
regulating and maintaining prices. Things then moved 
along smoothly for a while, until one of the companies 
found it had more products ready for the market than 
the Association saw its way to relieve the company o^, 
and so, rather than curtail its manufacture until the 
demands of the market increased, it withdrew from the 
Association and placed its products on the market at a 
greatly reduced figure, thus lowering market values and 
upsetting what benefit to the companies the Association; 
had been able to achieve in a short time. By dint o£ 
hard work and much persuasion, the Association finally 
won the recreant company back to its fold, but hadt 
hardly done so before another withdrew and upset calcu- 
lations again. 

It is therefore not surprising that after a chequered 
career of about five years the Scottish Mineral Oil 
Association finally disbanded in November 1892, and; 
the companies went back to their old tricks of trying to 
undersell and otherwise ruin each other ; while at the 
same time they were busy looking around for feasibly 
excuses to give their shareholders for not being able tO 
pay a dividend, or having to decrease its amount 

Another very serious cause of the almost bankrupt 
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condition of some of the companies, is the fact that the 
heads that govern them are men entirely devoid of 
practical experience. It is undoubtedly very important 
that every company should have a good financier, but 
because it ia fortunate enough to possess one is no ex- 
cuse for giving him full sway in matters not pertaining 
to the financial part of the business. Most of the 
managing directors in the Scotch oil trade have had no 
practical experience whatever ; and not only that, but 
although they almost invariably have thoroughly prac- 
tical men under them, they are often too dignified to 
consult and take the advice of those who are subservient 
to them, and rather prefer to give arbitrary orders that 
sometimes do, but more often do not, give the desired 
results. Sometimes the works managers are so far 
ignored that the directoi-s will bring in a stranger to 
value their works plant and report on it Of course the 
reason for such action is obvious, as a stranger cannot 
possibly obtain an accurate knowledge of the actual con- 
dition of the plant by a few superficial examinations that 
he may make, and consequently he enables the directors 
to tell the shareholders that they (the directors) are 
proud to be able to say that a " perfectly disinterested 
engineer " who has examined the plant, reports that it 
is in perfect condition and values it at so much. Had 
the works manager, who knows exactly what the con- 
dition of the plant is, been called upon, as he should 
be, to make a report on the condition and value of the 
plant, he would give a very different tale, and his 
report, therefore, would be unsuitable — for what it 
was wanted 1 If the shareholders, instead of quietly 

D 2 
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heUeving all that thor company's directors tell them, 
voald take the matter into their own hands, and appoint 
a CMnmittee to see that there were properly qualified 
men in ihe proper places, and more particularly that 
the said qualiHed men are aUowed to make use of theix 
experience, disL-retion and knowledge for the benefit erf 
the company, without being interfered with by a matt 
or men who know notJiing about the practical manu- 
facture, they would be taking a most important step in 
the direction of placing the industry on a paying basis 
once more ; and until they so act but little improvement 
can be looked for. 

Another cause of great loss of money is the adoption 
by the board of directors — who, as before stated, are 
generally men of no practical experience — of patented 
theoretical " apparatus or processes. The word theo- 
retical is used on account of tlie fact that sometimes the 
practical working of the plant has never been properly 
determinetl, and its adoption is liable to result in a losa 
of many " bawbees " to the company, while the patentee 
gets the benefit of the experience of the practical experi- 
ment with his apparatus, &c, at no cost to him. Before 
these experiments are tried, the company's practical 
men are either entirely ignored, or sometimes their 
opmion is asked for, and if they give an adverse criti- 
cism they are considered prejudiced, and the experiment 
goes merrily on. 

One or two of the companies that have been 
amongst the biggest dividend-payers, besides being in 
tlio best financial condition in these critical times, have 
" number of practical men on the board of directors. 
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do not waste money on outsiders' theoretical patents, 
but rather encourage their own employes to improve 
the processes and apparatus ; and above all, consult the 
practical men of the different departments and act on 
their advice. 

It is only too apparent that unless a unanimous and 
harmonious combination of the companies soon takes 
place, together with radical changes in the management 
wherever needed, we shall in a few years be left to 
mourn the loss of one of Scotland's most important 
industries. 
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9 CHAPTER 11. 

GEOGRAPHICAL AND GEOLOGICAL. 

A LARGE number of the oil works were outside the si 
limits, and the crude oils that they manufactured were 
products of Parrot and cannel coals, coaly shale or 
bastard Parrot, and also colliery dross. Those worka 
that make the true shale oils are confined in a com- 
paratively small area of the country extending from 
Straiton and Burntisland in the south-east and north- 
east, to Cobbinshaw and Linlithgow in the south-west 
and north-west, or a distance of about twenty-five milea 
east and west by twelve miles north and south. 

Of course there are shales found in other sections 
of the country, but the section between the points just 
named is the only one that has been really of any 
great commercial value. 

The Author is greatly indebted to his old friend 
the late Mr. Ales. Lumsden, mining engineer to Young's 
company, for being able to give an accurate diagram 
showing the geological positions of the various seams 
of shale. It will be seen from this diagram (No. 1) 
that the shales of Midlothian are found in the calci- 
ferous sandstone series lying between the Mountain 
and Burdiehouse Limestones. The thickness of the 
section is very variable, and ranges from 300 fathoms 
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at Addiewell to 150 fathoms at Straiten. The section 
contains many different seams, but the pnncipal com- 
mercial ones are — 

Fell's, 

Broxburn, 

Dennit's, 

and their respective thicknesses are — 
3 feet. 



The rest of the shale section is made up of several 
thin and unimportant shale seams, together with sand- 
stones and indurated clays. 

The following reference matter adds greatly to the 
value and interest of Mr. Lumsden's diagram, and was 
prepared by him :■ — ■ 



a third-rate Parrot coal, 9 incbes 
L distillntiou 32 gallona of crude 
'ought at ProvHnhall, Coatbridge, 
itm is a eoani of shale 8 inchea 
;n, Airdrie. 

1 of tme ehalo, S inohee thick, uid 
per ton. Extensively 



Bef. Letler. 

A. ABSociated with thie Beam ii 

thick, which yields c 
oil per ton, and was v 

B, Immediately over this s 

thiak, nronght at Ardci 
0. In this position is a sc 

yielding 60 gallons i 
wrong! it around Airdrie. 

D. The top part of this seam consists of a kind of gas coal, which 

yields 33 gallons crndo oil per ton. Wronght near Aitdrie. 

E. This ifl the Beam that is found at Westfield, FifeahirB. 

Yields 40 gallons crude oil per ton. 

F. This seam is now exhausted. It was the first mineral used 

in the production of parafGn oil. 

G. AboTC this seam of limestone is a seam of shale yielding 

29 gallons crude oil per ton. Wrought at Learenseat. 
Associated with this ironstone is a seam of a kind of shale 
yielding 32 gallons crude oil por ton. 



k 
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B«r. Letter. 

I. All tlie Eenfrewshiro oil works are supplied from this seam. 

Gives 45 gnUons erode oil per ton. 
J. It is between this seam and the Burdiehouse limegtono that 

tbe best and most profitable shale seams are found. 
E. Associated with this seam is an earthy kind of gas coal. 

Wronght at DrnmoroES, near Bathgate. 
L. Over this limestone a shale is sometimes found. It was 

wronght in a quarry betireeu Livingstoa and Batbgate. 

No shale has yet been found under the Burdichouso 



Shale. 

Bituminous shale, from which Scotch oils are de- 
lived, might at firet sight be miataken for coal, but on 
udose examination distinct differences will be noted. 

In the fii-st place, ahale lacks the intense blaekneaa 
of coal, varying in colour from a grey to dark clove 
brown, and, unlike coal, it does not dirty the fingers 
Then handled. 

Secondly, a lump of bituminous coal may be easily 
broken into small pieces by striking it with a hammer, 
but a piece of shale would require ten times the 
exertion before it could be similarly broken ; and the 
pieces of shale thus broken would display a conehoidal 
fracture, whereas the fracture of the coal would be 
inated. 

From a structural point of view shale may be 
vided into three classes, viz. : — 
Plain shale. 
Curly „ 
Leafy „ 



The first mentioned, as its name implies, has a plain 
appearance, such as an ordinary piece of broken rock. 
The curly shale has a wavy or curly structure, and gives 
one the impression that it has been subjected to an 
enormous lateral pressure during the early stages of 
mineralisation. Leafy shale, which might also, per- 
haps, be termed scaly shale, consists of semi-loose scales 
which can easily be separated with the blade of a knife. 
It is usually of light brown colour, and is found almost 
solely at "outcrops," and therefore this structural pecu- 
liarity is doubtless due to the action of the weather on 
what was previously, perhaps, plain shale. Leafy shale 
is of little or no value as an oil-yielding medium, and 
ia of no commercial value, but is often sought after by 
collectors of natural curiosities, as it usually contains 
fine Bpecimens of fossil ferns, &c., which are more easily 
separated and prepared for exhibition than those found 
in the other shales. 

A curious feature in regard to shales is the very 
widely diverging character of the same scam in different 
districts. To such an extent does the same seam vary 
in character, that seams that are very profitable to work 
in one district are entirely unprofitable in another, 
although the two districts may be only one or two miles 
apart ; and this diminution in the value of a seam is 
always in a westerly direction. 

Table V. gives the yields of crude oil from different 
kinds of shales and coals from various sources. Some 
of the shales that show the smaller yields of crude oil 
are often far more valuable to the companies than the 
shales that give twice or thrice the quantity of crude 
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oil. This is due to the fact that the crude oil resulting 


from shales or coals that give a large yield, generally 


contains very little paraflin wax and large amounts of 


burning and lubricating oils, and the latter of low 


specific gravity and poor lubricating quality. It is, 


therefore, necessary to make a careful examination of 


the crude oil before any definite opinion can be formed 


of the value of a shale. 


Tablk V. 




Gallon a of 


NamoofMinemL 


Grade OU per Ton 




ofHinetfO. 


r Addiewell Thick Shale 


27-38 


L Asiatic „ . 






22-40 


H^whenleB 






50-00 


K^*" 






39 to 78 
26-22 


, Boghead Coal 






85 to 128 


Bnrnsido " St. Andrew " Shale 






26-97 


Cftimey HUl „ 






10-88 


^ Capeldrae (firet qnality) „ 






70 to 81 


H „ (second quality) „ 






11 to 66 


KCanadiui 






54-00 


■ Cobbinshair (Famie'e) 






44-80 


■ (Mmigle-«) „ 






33-77 


■ Oodcmydron 






31-58 


SalnenT 






34-60 


DenbtM 






10-90 


Denbnd 






14-25 


Doora or Patterson „ 






36-45 


Fortacnk 






29-81 


_ GoKbridge „ 






74-66 


■ Grey 


■ 




24-39 

1 ^M 
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Table V. — ronfiniMd. ^^^^ 


Name of Mineral. 


Gallons of 

Crude OU per Ton 

ofMineraL 


Inkerman Shule 


46 -63 


Kirkcaldy „ . . . 






32-49 


KnightBwood,, 






36-00 


Ladedda „ . . . 






74-95 


Lesmabagow „ . . . 






39-00 


Limefield (West Calder) Shale 






28-30 


Lockgelly „ 






28-70 


Methyl Brown Coal 






65 to 90 


Methyl Black „ 






49 to 52 


1 Mid Calder Oil Company's Bhale 






28-70 


MidhiU 






50-00 


Muttonhole 






43-00 


NowliBton 






23 to 32 


OrertoD 






64-00 


Omoa Gas 






47-70 


EochBoles Coal 






72-00 


Seafield Shale 






36-40 


Torva Mineral 






69-00 


Uphall Shale 






29 to 34 


Wollwood Coal . 






46-00 


1 Wemysa „ . . . 






60 to 70 


Weatfield Shale 






18-50 


Weelwood „ . . . 






29-30 


The specific gravity of shales does not vary very 


greatly, and usually ranges between 1-713 and 1-877- 


The specific gravity of the Boghead coal or Torbanehill 


naineral was 1*224. 


^^ The average composition of a good shale in given in 
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Table VI., while Table VII. gives the analyses of spent 
shales taken from the old form of Vertical and the 
Henderson retorts. 

Tabm VI. 



GonstitQent. 


Pep Cent, by 
Weight 


Moisture (at 240'' F.) 

Volatile matter 

*• Fixed " carbon 

Ash 


2-67 
24-31 
12-50 
60-50 


Total 


99-98 



Tabli VII. 



GoDttitiient 


Per Cent by Weight 


From old VorticaL 


From Henderson. 


Carbon .... 

Silica 

Oxide of iron 

Alnmina .... 

Lime 

Magnesia .... 
Snlpbnr .... 


18-40 

49-14 

10-46 

18-37 

1-68 

0-99 

1-06 


3-61 

50-49 

12-81 

22-72 

1-77 

0-95 

1-16 


Totaf . . . 


100-08 


99-50 



CHAPTER III. 

THEORETICAL. 

Shale, in the form in which it is mined, doea 
tain any oil or oily matter, and no oil can be obtained 
from it until it has been subjected to a sufficiently high 
heat to bring about its decomposition or the breaking 
up of its chemical constituents, so as to allow the latter 
to rearrange themselves and produce oil, &c. That oil 
does not exist in shale as such can be easily proved by 
reducing the shale to a fine powder, and then mixing 
it with any solvent of oil, such as benzol, naphtha, 
ether, &e., when it will be found that these solvents 
fail to extract any oily matter whatever. Therefore a 
ehale has to be subjected to heat, or to what is known aa 
a destructive distillation, in order to obtain oil from it 

The oil which shale yields is chemically known as a 
hydrocarbon, because its constituent parts are hydrogen 
and carbon. There are two series of these hydrocarbons, 
one the paraffin and the other the define series. 

When a hydrocarbon is heated, the oil first begins to 
boil and then to vaporise or distil, and if the vapours 
are further heated by passing them through a highly 
heated (bright red hot) tube, they will be decomposed 
into a permanent gas. We therefore see that the shale 
should be distilled at as low a heat as possible in order 



to obtain as much oil and as little gas as possible. It 
would be comparatively easy to distil shale so as to 
produce but a small quantity of gas, if the oil were 
present in the shale as oil ; but it not being so neces- 
sitates the shale being heated to a considerably higher 
temperature than that necessary to merely distil the 
oil, in order to overcome the chemical affinities that hold 
the hydrocarbons in the peculiar state iu which they 
are present in the shale, and in order to accomplish the 
commercial necessity of rapid working. When these 
chemical affinities have been overcome, and the hydro- 
carbons freed, the latter are subjected to a high heat 
before they are able to escape, and are consequently 
partly decomposed into permanent gag ; but the amount 
of decomposition that takes place varies greatly with 
k the form of retort used and the method of working 
■the retorts. 

I It is evident that to accomplish the distillation of 
I shale, and obtain the best results, the heating surface 
l-of the retort should be as large as possible in com- 
Iparison with the area of the internal cross section, 
I.BO that the retort need not be excessively heated in 
Korder to distil the shale that is farthest away from 
nhe heating surface ; and that the oil vapours should 
nbe removed from the retort as soon as possible, and be 
^protected as much as possible {while in the retort) from 
wtbe excess of heat. The oil resulting from vapours that 
uave not been sufficiently quickly withdrawn from the 
Bpetort, or sufficiently protected from the heat, is very 
Kable to have what is technically called a "burnt" 



Since ammonia water became such a valuable by- 
product of shale distillation, another needed condition in 
the distillation presented itself, and that was that scien- 
tific experimeots demonstrated that the whole of the 
nitrogen in the ahale is not eliminated until the spent * 
shale has been freed of all its carbon, and in order to 
bum out all the carbon the shale has to be subjected to 
a nearly white heat. 

We therefore see that in theory the shale should 
be distilled at a low heat in order to obtain the maxi- 
mum yield of oil with production of as little gas as pos- 
sible, and that it should also be subjected to a very 
high heat in order to obtain the maximum yield of 
ammonia ; while at the same time precautions must 
be taken to prevent the oil from beeomiug " burnt." 
Also, the retort should be constructed so that it can be 
charged, and the apent shale withdrawn, as easily, expedi- 
tiously, and with the aid of as little labour as possible. 
Under the heading " Retorts " we shall see how, by 
gradual steps, these conditions have finally all been 
combined in one retort, which retort is about as near 
theoretical and practical perfection as it is possibia' 
to get. 

Having obtained the crude oil, it is then necessary 
to refine and separate it into its various products. The; 
crude oil, as it comes from the retorts, is of a darfe 
greenish-black colour, and when cold, of about the! 
consistency of soft butter. Its principal constituentai 
are parafiin and olefines contaminated with oily 



' After all the volatile mnttcr has bucn vtilntilieed. 
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and phenols, and more or less apeut shale dust, &c. The 
dust and other suspended solid matter is easily Repa- 
inted by allowing the oil to settle in the storage tanks, 
btit the oily bases and phenols have to be removed by 
the use of acid and alkalies. 

AVhen the oil is shaken up with acid, the latter 
combines with the oily bases, and also with the lower 
members of the olefines, forming a heavy black tarry 
mass, known as "acid tar," that settles to the bottom 
on allowing the mixture bo stand at rest for some 
hours. It has been found in practice that it is not 
lossible to remove the whole of the bases by one or 
en two acid treatments, and that a number of treat- 
lents are necessary. 

The lighter oils are more susceptible to the action 
if the acid than the heavier ones, and too much or too 

lug an atid is linlile to "burn" them and make 
their subsequent refining difficult, besides wasting acid ; 
therefore, as is explained under the heading " Treating," 
considerable judgment has to be used in regard to de- 
termining the strength and quantity of acid to use in 
the various stages of refining. 

It is, of course, hardly necessary to state that all 
kin<.ls of acid have been tried for the treatment of oils, 
and the results of numberless experiments have proved 
sulphuric acid to be the only one practically suitable 
for the work. 

In the alkaline treatment of the oil, caustic soda 
\^ principally used, but in ceilain stages it is often 
found advantageous t" u.se carbonate of soda. The 
alkali, besides neutralising any free acid that may 



remain in tlie oil after it has received its acid treat- 
ment, attacks the phenols, and forma a thin tany- 
looking mas3 whit-h settles to the bottom of the oil. 

It must be remembered that the oily bases which 
the add extracts are not decomposed by the acid, but 
form a simple chemical combination, and should the 
acid tar be neutralised with soda or any other alkali, 
the bases will be at once set free and come fco the 
surface in the form of an oil. Therefore it is of the, 
utmost importance that an acid-treated oil be allowed 
to settle until as thoroughly freed from acid tar as is 
practicable, because any acid tar that it may contain 
when it receives its soda treatment will be neutralised, 
and the oily bases thus liberated will at once go back 
into solution in the oil. 

The same caution also applies to the soda tare, but 
as the oil after the soda treatment does not usually 
receive another acid treatment until after a distillation, 
there is little or no danger of the phenols being set free 
and redissolved by the oil. 

The oily bases are perhaps the most detrimental 
impurity to have in the oil, owing to their objectionable 
smell and the quickness with which they oxidise and' 
turn red, and finally reddish black, thus preventing the 
manufacture of an oil that will keep its colour if any oily 
bases are present. 

The phenols also oxidise and redden, but not 
rapidly as the oily bases, and they have not such 
disagreeable smell. Of course both impurities must: 
be removed from an oil Ijefore we can have a properly 
and thoroughly refined oil. 




THEORETICAL. 

There is another important operation that the oil 
baa to undergo in the process of refining, and that is a 
distillation. The distillation performs three functions, 
namely — 

First, it enables the oil to be separated into various 
grades or products, such as naphtha, burning oils, heavy- 
oils containing was, Ac. 

Secondly, it separates soluble impurities in the oil 
that cannot be removed by a judicious application of 
chemicals. 

Thirdly, it brings about a crystalline condition of 
the higher members of the paraffin group that were 
previously in a gelatinous or amorphous condition. 

The specific gravities at which the distillates are 
separated from the various products vary according to 
requirements, as will be explained under " Refining." 

The Impurities that are separated by the distillation 
are certain carbonaceous, earthy and sulphurous matters. 
The largest amount of the carbon or coke that remains 
in a still after the distillation is finished, is the result of 
the decomposition or " cracking " of the oil rather than 
the presence of actual impurities ; and this fact can be 
easily demonstrated by taking a quantity of thoroughly 
■well refined oil — water-white burning oil for instance — 
*nd distilling it in a glass flask over an Argand burner. 
A few per cents, will distil off' at the start without 
uch change being noticeable, but the oil is in reality 
ttll the time assuming a brown colour, which very 
gradually gets darker and darker until, after becoming 
loticeable, it has become a decidedly dark brown ; and 
e the distillation approaches completion the colour is 
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almost or quite black ; and when the distillation is 
finished a deposit of carbon will be found in the bottom 
of the flask, and perhaps more or leas on the sides. 

The cause of coke being formed in the still is due to 
the decomposition of the lower members of the parafGn 
into olefine hydrocarbons, and as defines contain lesa 
carbon than paraffins, it is necessary that when this 
decomposition takes place there should be a rejection 
or deposition of carbon. It is therefore plain that 
every time a hydrocarbon is distilled it causes a de- 
crease in the percentage of paraffins and increase in 
the percentage of olefines ; and for this reason, and 
because paraffins are more valuable products than 
olefines, it is obvious that a hydrocarbon should not be 
distilled more times than is absolutely necessary. 

The fact that a distillation brings about the crys- 
talline condition of a paraffin — provided it contains 
solid paraffins — can be well demonstrated by taking 
a quantity of vaseline (which is really a wax in the 
amorphous condition) and distilling it very slowly. 
When the distillation is finished, it will be found that 
on cooling the distillate there are distinct signs of crya- 
taUine formation ; and if this distillate is re-distilled 
two or three times, the crystals will finally be so well 
developed on cooling, that the distillate may be placed 
in a cloth and pressed, so that a cake of wax will remain 
in the cloth after the oil has been expressed. This 
result could not possibly be accomplished by pressing 
the original vaseline. 

In this process of promoting the crystaDisable quality 
of the paraffin, decomposition of course takes place, and 
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the higher members of the paraffin group are decom- 
posed to the next lower membera, or, in other words, 
tlie higher melting point waxes are reduced to lower 
melting point ones, and therefore every distillation 
lowers the melting point or chilling poiut of the oil 
distilled. 

A wax obtained from the heavy or latter end of a 
distillation has very fine close crystals as compared with 
the wax obtained from a very much lighter or lower 
specific gravity oil, and therefore, as the heavier oil 
gives the higher melting point wax, the higher melting 
waxes always have the smallest crystals. 

There is another condition that greatly affects the 
crystalline condition of a wax, and that is the method 
adopted in cooling it. If a melted wax, or mixture of 
wax and oil, is suddenly brought in contact with a cold 
surface, it will at once congeal and show scarcely any 
crystalline formation ; whereas, if the same wax or 
mixture be allowed to cool very slowly, the crystals 
will be large and well deiined. This is a most im- 
■portant point to remember, because in the stage of 
refining where the wax is extracted from the oil, 
■great difficulty is often experienced in pressing and 
Tnaking a thorough separation, and this chffieulty is 
often due to too (juick cooling- — but, of course, may 
B also partly or wholly due to the need of another dis- 
tall»tioD. 



CHAPTER IV. 
PRACTICAL. 



In order that the details of the manufacture may- 
more easily followed, it will lie as well to first outline 
the course that has to be pursued in order to obtain 
the crude oil and by-products. 

The shale as it is received at the mine liead is loaded 
into side or bottom dumping railway wagons, and is then 
transferred to the retort department along the overhead 
railway track A (Fig. l). The contents of the wagons 
are then dumped into the shale breaker B, and, after 
passing through the latter and into small trucks, are 
hauled up the incline C to the level of the top of the 
benches of retorts D, and, their contents having been 
discharged into the retorts, the process of destructive 
distillation commences. The vapours and gases pass 
out of the retort through the connections E and into 
the mains F and G, which latter conduct them to the 
air condenser H. In the air condenser the separation 
of the gaseous and liquid products takes place ; the 
latter, which consist of a mixture of crude oil and 
ammonia water, are pumped to their respective storage 
tanks, while the former passes on through the connec- 
tion I to the exhauster house J, and from there is 
forced through K into the coke tower M, where any 



volatile oil that it may contain is extracted. The gas, 
thus rolibed of its last traces of oil, continues along 
through L and back to the retorts, where it is burned as 
fuel in the furnaces. The volatile oil extracted in the 
coke tower is dealt with in the apparatus N. 

Having thus shortly outlined the process of destruc- 
tive distillation, we will now proceed to follow the 
process in all its details. 

On account of the shale being in the form of large 
irregular masses, when it arrives at the works, it i» 
necessary to reduce its size in order to charge it into 
the retorts. In the early days, when Boghead coal was 
d, a gang of men, supplied with long-handled 
hammers, used to be kept busy breaking up the coal to 
the requisite size, but when shale supplanted Boghead 
coal, it was found that even a quadrupUcation of the 
number of men did not enable the supply of broken 
flhale for the retorts to equal the demand — so difficult was 
the shale to break — and therefore it was found necessary 
to devise some other and cheaper means of doing the 
work. This necessity led to the invention of a mechani- 
cal device, the construction and working of which will 
now be explained. It consists of a large wooden 
hopper B {Fig. 2), constructed of heavy timber, and 
lined on the inside with iron plates securely Itolted to 
the wood. The upper portion of the hopper, and on 
the side on which the shale is received, is built at an 
ikugle, so as to prevent the shale falling directly on 
"breakers cc, and causing undue strain to the machinery, 
tut at the same time the angle is such that the shale 
cannot remain on it, and has to slide down. The 



breakers are cast-iron discs, provided with eoarse teeth 
on their periphery. These discs are about 3 feet in 
diameter and about 3 inches thick, while their teeth 
are about 3 inches long by 1^ inch wide, by 3 inches 
high, and the centre of the disc is cored square to 
tit a shaft with a square cross section of 6 inches. 
A sufficient number of these discs are placed on two 
shafts to form wiiat are practically two toothed rollers, 
about 9 feet long, with their teeth running diagonally 
across them. They are placed parallel to each other 




in the hopper, with a tooth clearance of about an inch, 
and are connected by means of heavy gears so as to 
revolve towards each other and thus draw down the 
shale and crush it as it passes between them to the 
lower hopper D. The lower hopper acta as a reser- 
voir for broken shale, and is closed on the bottom by 
an iron slide actuated by the lever 0. 

A3 the side-dumping wagons A arrive along the 
elevated track N they are dumped into the hopper, 
and the small trucks or " hutches " E are then fiUed 
and pushed to the foot of the incline F, where the 



endless chain G engages in the projection I on each end 
of the truck and hauls it up the incline. The axles of 
the wheels of these trucks are set ns close together and 
as near the centre (lengthways) of the truck as possible, 
so that the attendants who charge the retorts can, with 
a slight effort, easily tip the truck and discharge its 
contents, after loosening the catch L that holds the 
swinging ends K in place. Each truck is constructed 
BO as to hold just sutticient shale to charge one retort. 
^Vhen a truck is emptied it is run on to the down 
track of the incline, and its projections, I, engage in 
the endless chain that is travelling in the direction 
of the' breaker, and it is by this means prevented troiu 
"running away." The whole of the machineiy and 
gearing connected with this part of the work is not 
shown in Fig. 2, as it would be more or less confusing, 
and it is snflieient to say that the endless chain G is set 
in motion by sprocket-wheels or sheath-pulleys geared 
from the engine that runs the breakers, 

Retorts. 



In the infancy of the trade only two forms of 
I retorts were in vogue, namely, the horizontal and 
I plain vertical. When the late James Young first 
■atarted his oil work at Bathgate, he used ordinary 
iD-shspcd horizontal gas retorts, each of which was 
|6tted with a screw running lengthways through the 
I centre and worked from the buck end by "tooth and 
Ipinion" wheels. The coal (Boghead) wa-s fed into the 
retort from a hopper (placed above the front end of the 



retort) and was carried along by means of the rotating 
sei-ew and discharged into a water lute or trough of 
water at the back end. About two years after Young 
started, he erected three cylindrical caat-iron retorts. 
vertically in a fire chamber that waa common to th( 
three ; their tops were surmounted by hoppers, while the 
bottoms were sealed by dipping into troughs of water., 
Either Mr. Young or Mr. Meldrum was in constant 
attendance during the first week of the working of 
those vertical retorts, and by the end of the week the. 
retorts had proved so satisfactory that Young told; 
Meldrum that their fortune was made. The horizontal 
retorts were then almost entirely superseded by thei 
vertical retorts, which latter were cylindrical cast-irottj 
pipes about 18 inches in diameter by 10 to 11 feei^ 
high. 

Owing to the tendency of Boghead coal to swel^ 
and the broken pieces to stick together when heated,, 
considerable trouble was experienced in manipulating! 
these straight cylindrical retorts, as the spent coali 
would not readily pass downwards, and the lumps 
had to be separated and pushed down with iron bars.. 
In order to overcome this difiiculty, Young had some, 
tapered cylindrical retorts cast, and set them in brick- 
work with their larger end downwards and sealed in 
water the same as the former ones. Each retort waft. 
fitted internally with a helical screw, the shaft of which. 
projected upwards and was surmounted by a gear. A. 
main shaft that ran the length of the retort bencheS' 
supplied power to the screw gears and kept the screw^' 
moving at a very low rate of speed, which was just 



sufficient to keep the contents of the retorts in constant 
motion — and that in a downward direction — and prevent 
them from sticking together. This method of construc- 
tion and working proved highly succcasful, and was 
continued for about eight years, when, owing to the 
introduction of a radical change in the shape of the 
retort, the use of tlie screws was discontinued. The 
erection of a set of screws to work out the shale from 
the water troughs, and thus save labour, had been 
completed, but some experimenta in that line showed 
that it did not greatly decrease the manual labour, 
while any saving in labour that was effected was more 
than offset by the cost of keeping the machinery in 
repair. 

The change in the shape of the retort that led to 

discontinuing the use of the screws was instituted by 

A, C Kirk, who constructed a retort with an elliptical 

J cross section and very much larger at the bottom than 

kthe top. The motive for giving the retort an elliptical 

iiibnn was to give a larger surface for the fire to play on, 

rand less depth of material in the retort for the heat to 

I 'penetrate, which conditions were expected to improve 

the yield and quality of the crude oil and reduce the 

amount of fuel used in heating the retorts. The 

anticipated results were fully realised, and the elliptical 

lape has lieen retained in all retort construction since 



The shapes and sizes of the horizontal retorts that 

irere used by the small works that sprang into existence 

large numbers in the early days of the trade were 

Brious. If of large dimensions, they were usually cast 



in two portions, consisting of the bottom and sides in 
one portion, and the top or cover in another. Fig. 3 it 
a cross section of Bell's patent retort, which was about 
12 feet long by 1 foot, and 3 feet high. Cowan's retort, 
represented in cross section in Fig. 4, was 9 feet long by 
5 feet 6 inches wide, and 1 foot 6 inchea high. The cross 
section of another form of horizontal retort that found 
great favonr is shown in Fig. 5, This retort was built in 




various sizes, but its average capacity was about 50 cwfy 
One furnace usually supplied heat for three horizontal 
retorts which were set over the fire, aa shown in Fig. 6. 
The charges of shale or coal placed in the horizontal 
retorts usually weighed from 5 to 8 cwt, but, aa abov 
mentioned, some of the retorts had a capacity of 50 cwl 
and over. 

The value of the two forms of retorts (i.e. vertic* 



jorizontal) aa regards their respective yields of crude 
id cost of production of the same, together with the 
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I of refined products, wUl now be looked at, and tho 
1 why the vertical eventually entirely superseded 
lorizontal retort will then be easily seen. 



Table VIII. shows the yields of crude oil from a I 
ton of shale, and the figures are the average of a largel 
number of determinations made on the working scale. 







Table Vni. 






Orude Oil por Ton of BhBle. 


BatioorTieldof 




Verttad. 


Cnide Ofl. 


GftHoDS. 


8p. Or. 


QMoDt. 1 Bp. Ot. 


Horiiontal. 


V«tt»L 


34-20 


•870 


39-79 


-890 


100 


116-34 
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The cost of distilling a ton of shale in the horizon- 
tal and vertical retorts was respectively, 157'38rf, and 
157"56rf. ; and therefore the cost per gallon of the re- 
spective crude oils was : — 

Horizontal. 157-38 -r- 34-2 = 4-60f/. 
Vertical . . 157*56 ^ 39*79 = 3-96d. 

or 0*64ii. per gallon in favour of the vertical retorts. 

In proceeding to consider the marketable producta 
derived from the above two crude oils it will be advis- 
able to compare the horizontal " crude " with the vertical 
" once run oil," because the vertical crude had to receive 
a distillation before its acid and soda treatments, which 
the horizontal crude did not hav3 to. The coat of thiff 
distillation was O'Srf, per gallon, and as the loss due to 
distillation was 8 per cent., the 39 "79 gallons of vertical 
crude equalled 36 '61 gallons of "once run oil," makiml 
a total cost of 4*46t/. per gallon. 
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Table IX. shows the yields of finished products calca- 
lated on the above basis. 



TiBu DL 



HotiionteL 


Yerliaa. 




TMd. 


TieU. 


Piodiwt 


CMkna. 


FttoMtt.by 

VoliiiDeoa 

Cnid» 


CMloiM. 


PerMBtby 

Ydnnie OB Onee 

Bun OIL 


Napliih* . 
Burning oil 
Cmde scale 
Lnbricating oil . 


0-866 

16-908 

1-963 

8-461 


2-60 
46-60 

6-71 
10-12 


0-868 

14-881 

8-108 

3-822 


0-99 
40-61 

8-49 
10-44 


Totd . 


22-172 


64-83 


22-124 


60-48 



The above yields of products figured at the market 
values of those days realised the following amounts : — 





HorinmtaL 


Vertical. 




d. 


d. 


Napbiha 


10-046 


4-265 


Burning oil . 


272-498 


. 254-129 


Crude scale . 


63-277 


. 110-699 


Lubricating oil 


61-915 


57-330 


Total . 


397-736 


. 426-423 



We obtained 34*2 gaUons of horizontal "crude 
oil" fi-om a ton of shale at a cost of 4*66?. per 
gallon = 157*38c?. ; and 36 '61 gallons of vertical 
" once run oil " from a ton of shale at a cost of 4 • 46(i. 
per gallon = 163 • 646A If we deduct these costs from 
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the above values of finished products, we have :— 
397-736-157-38 = 240 -356*^. for horizontal products; 
426-423- 163-646 = 262 -7774;. for vertical products; 
which shows an increase in value of products from a 
ton of shale of 22 -42 If/, in favour of the vertical retorts. 

By referring back to Table IX. it will be seen that 
the horizontal retorts produce more naphtha and boriH 
iug oils, but only five-eighths the amount of crude scalfl 
that the vertical retorts give ; and these figures, takeo 
in connection with the fact that the horizontal crude oD 
does not need a distillation before it is treated, go ta 
prove that the oil vapours are decomposed in the hori* 
zontal retorts, or are broken up into lighter and lea^ 
valuable product-s than the vertical retorts yield. 

Another important feature in favour of the vertical 
retorts was, that if the current of steam passing throu^ 
the retort was regularly kept up, great uniformity of 
production was the result, and the quafity of the oil 
was not greatly at the mercy of the fireman. On 
other hand, if the horizontal retorts were not very care^ 
fully attended to, the yield of crude oil was liable to 
be greatly decreased, and its quality was always at the 
mercy of the fireman. 

It being obvious that horizontal retorts are unsuited 
for the production of crude oil, wc will not discuss them 
any further, but will turn our attenion to the develop- 
ment of the vertical retort. 

The vertical retorts in which the experiments t^ 
determine the respective merits of liorizontal and ver- 
tical retorts were made were of the " Kirk " type, and 
their construction is shown in front .sectioned elevation 



' in Fig. 7, and in side elevation in Fig. 8. Referring 
to these two figures, A, the body of the retort, ia 
provided with a hopper B ; the hopper is composed 
of four separate castings which are, the funnel-shaped 
piece C, the short cylindrical piece D, and another 
funnel-shaped piece E, closed by the bell-valve F. 
To the llange at the bottom of the retort body is 
bolted a short casting G, that continues down under 




the surface of water contained in the trough H. The 
products of distillation passed out through the connec- 
tion I and into the vapour main J. The shale to be 
charged into the retorts was brought in "hutches" 
along the elevated track K, and dumped on to the iron 
platform L. One furnace, 0, supplied heat for sis re- 
torts — three on each side. 

After the furnace fires had been started and the heat 
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of the retorts had reached an ineipient red, the beU 
valve F waa lowered by the lever M {after the cattii 
N had been loosened), and then the shale lying on thi 
platform L was shovelled into the retorts ; when tbi 
latter were filled the lever M was raised, the catch S 
replaced, and the joint between the bell-valve and uppe 
hopper E was made gas and vapour tight by means 0$ 
a little moist clay. When sixteen or seventeen bouB 
had elapsed since the first charging of a new set 
retorts, the shale waa sufficiently " spent," or exhausted 
of volatile matter, to allow of the periodical charging 
and discharging to be commenced. Therefore, after, 
aay, sixteen hours, a small portion of the spent shaltf 
was raked out from the water trough every half hour, 
and the quantity thus removed was regulated so that 
at the end of three hours it equalled the quantity of 
shale to be charged into the retcrt. Tlie removal of the 
spent shale from the water trough allowed a correspond- 
ing quantity of shale to fall from the retort and fill ita 
place, and at the end of every third hour there waa^ 
sufficient room in the top of the retort to aceommodata 
the 4 cwt. of fresh shale that constituted the charge. 
As the capacity of the retorts were from 20 to 22 ewt 
it therefore took from fifteen to sixteen hours for the 
shale to travel from the top to the bottom of the retorts. 
The heat from the furnace was first conducted 
around the lower third of the retorts, and then pas 
through pigeon-holed brickwork up around the middle 
third, and then through another set of pigeon-holes to 
the upper third, and from thence through a fiue to the 
chimney. There was, therefore, a gradual increase in 



the heat of the retort in a downward direction, and 
the shale entering the top had ample time to have its 
volatile matter distilled off before it was subjected to 
the higher heat of the lower portion of the retort, at 
which latter point a large amount of the ammonia was 
produced. As all the products of distillation were re- 
moved from the retort at a point near the top, and as 
nearly all the volatile matter was distilled from the 
shale before the latter reached the hottest part of 
the retort, it would appear that there was not much 
probability of undue decomposition of the oil vapours 
taking place. However, it was thought that the intro- 
duction of a small quantity of superheated steam at a 
point near the bottom of the retort might possibly aid 
the distillation and improve the quality of crude oil, 
and the results of experiments in this direction were 
(much to the surprise of the instigators) an increase of 
nearly fifty per cent, in the yield of crude oil. Ever 
since those experiments were made (in the year 1860) 
the distillation of shale has always been conducted with 
Hie aid of steam — if upright retorts were used. Steam 
in a horizontal retort resulted in no benefit, as it simply 
passed along over the surface of the shale. 

The water trough H — which always had to be kept 

well filled with water — -besides acting aa a seal or lute 

prevent the escape of oil vapours or gas, also quenchud 

le hot spent shale as it fell into it, and when the shale 

removed from the trough there was no danger of 

setting fire to anything, and could therefore be 

led without further manipulation on to railway 

and taken to the spent or wastfi shale bank. 
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These spent shale banks are monumentfi to the good ol4 
days gone by, and can be aeen in all directions in the 
shale districts, and some of them reach quite extensive 
proportions, being nearly one-third mile long by thras 
or four hundred yards wide and eighty to one handrecl 
feet high. 

The amount of coal necessary to heat the ■vertic4 
retorts was 5 cwt. per ton of shale distilled. The 
average life of the retorts was about four and a half 
years, but even at the end of that time only the bottom 
third — where the fire had the most direct play — wag 
seriously distorted and cracked, and the rest was usually 
in perfectly sound condition. To obviate the replacing 
of the whole of the retort, John Galletly suggested 
having it cast in two portions, so that that part which 
was most liable to be distorted by the heat could be 
easily replaced at a comparatively small cost. However, 
the suggestion was never put into practical use, and 
eventually this form of retort was superseded by othera. 

The first advances made towards improving the dia- 
tillation of shale were : — 

1. The adoption of a vertical retort. 

2. The construction of a vertical retort with aD 
elliptical cross section. 

3. The introduction of steam amongst the distilling 
shale. 

It is not intended to refer at present to the forms 
of retorts that have only been in use in limited 
numbers, and our attention will rather be confined^ 
with one exception, to the consideration of the forms 
that may be said to have been of really commerci^ 




importance. This exception is the McBeath retort, 
which was in operation at the Bellsquavry oil work 
aboutthe year 1867, and ia shown in section in Fig. 9. 

A is the retort proper, hung up in the brickwork B 
by the luga a. The upper easting a' was provided with 
an outlet pipe G and an opening F into which the hop- 
per F' fitted. G' was supplied with a steam injector g, 
which, aided by the fan blower K, caused a constant cur- 
rent of vapours to pass along through G^ to the main H 
leading to the condenser, and in that way helped to 
exhaust the retort of the oil vapours as soon as they 
ere formed. The retort was operated by filling it 
with shale through the hopper F', and then lighting 
coal fires on the portion of the grate-bars I near the 
furnace doors d. After the requisite heat had been 
attained, and the distillation had commenced, small 
portions of the spent shale were raked out from under 
the lower extremity C of the retort, and allowed to burn 
on the bars where the coal fire was started, and the 
products of comhnstion surrounded the retort in their 
passage through the oven C^ to the flue C leading to 
the chimney. The air supplied for the combustion of 
."the spent shale was admitted through the perforated 
iron boxes d^, which were secured to the furnace doors 
The "burnt" shale dropped through the grate-bars 
into the ashpit E, and some were also occasionally re- 
moved through the furnace doors. This retort being 
circular in shape and large in diameter was a backward 
step in economical retorting, but the principle of its 
working embodied the principles oi, which the Hender- 
■8on retort and the coal or heating retort of Young and 



Beilby's shale retorts were later constructed As must 
be apparent, McBeath's idea was to distil the shale by 



means of the heat derived from the combustion of the 
carbon left in the spent shale. He saw that in orda 





accomplish this with his apparatus, there was a pro- 
liility that the products of distillation would be drawn 
iwnwards by the draught of the chimney and be 
lonsumcd in the furnace, and therefore he introduced 
the steam injector and fan blower with a view to 
counteracting this draught. Knowing that too great 
a suction on the vapour pipe would be as detrimental 
to tlie yield as an uncounteracted draught towards the 
chimney, by causing the fire to be drawn up into the 
retort, he had the vapour pipe G cast with an open- 
ing on the top into which fitted an iron plug. The 
periodical removal of this plug and introduction in its 
place of a water gauge showed how the suction there 
compared with the known draught of the chimney, and 
if there was any difference it was easily corrected by 
neans of either the injector or blower. 

Having noted this special step towards economy in 
Uiale distillation, we will now look at the construction 
Old working of the " Henderson " retort, which type 
njoyed a full share of patronage for many years. 

The principal features of the Henderson retort are 
he utilisation of the carbon in the spent shale and the 
[AS resulting from the distillation as fuel, and, also, the 
doption of a downward distillation. As the natural 
Bndency of oil vapours is to rise, it was considered that 
Jaking them travel in a direction contrary to their 
iatural one — by driving them downwards through the 
liale contained in the retort — would have the effect of 
irtially purifying thom and giving a better quality 
■ode oil ; how far this theory was correct will be shown 
lortly. (See p. 80.) 
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The retorts A, Fig. 10, were made of cast iron with 

an elliptical cross section, and were placed in a vertied 

position in an oven B that was common to four of them. 

The oven was heat«d 

Iiy the two furnaces 

C, and each fumoca 
was common to twv 
retorts. The two ftir- 
uaces were separated 
by the dividing wi 

D, and the products 
of combustion wera 
conducted upwards 
through the flue 
and discharged inta 
the oven at a point 
about half- way up tho 
retorts, and then had 
to take a downward 
course before they 
could escape througb 
the iron chimney: 
To start these retorts 
it was first necessary 
to light a coal fire iB 

j.,g 10 the two furnaces 

supplying the fuel 
through the furnace doors G — and when the retorta 
had attained the proper heat, one of them was filled with 
shale by removing the cast-iron cover H of the hopper L 
After the lapse of four hours, another— of the set of four 
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retorts — diagonally opposite to the first * was charged, 
and so on until the four retorts were filled, and every 
five hours thereafter one of the set was emptied and re- 
cliarged in the order in which it was filled. In that 
"way the shale remained sixteen hours in the retort 
before the time for recharging that retort came round 
again, and after that time had expired a tool K, called 
" the monkey," was placed so that its short arm engaged 
in the plate L that closed the bottom of the retort, and, 
■while being held in this position by an upward hand- 
pressure on its long arm, the iron wedges that held the 
plate in place were loosened and removed, and then, by 
lowering the long arm of the monkey, the plate was 
■carried over to the position shown on the left-hand side 
'Of Fig. 10. But before the plate was thus lowered, the 
upper furnace door M was placed under control by 
means of a long-handled hook, and as the plate was 
being removed from its place 
it was closely followed by the 
door M, which latter, in its 
new position, acted as a guide 
for the shale descending from 
the retort to the furnace below. 
Supposing that (1) in 
Fig. 11 was the retort just 
recharged, then the time for 
recharging {3) would be eight 
hours later, and as the retort could not be discharged 
until the fumuce below it was emptied, it follows that 
the spent shale from a retort acted as fuel for a spaee 
* See plui of tho retorts, Fig. 11. 
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of eight hoars. In order to empty the furDaee, an 
iron truck N, called a " hutch," was run under it, and 
then the long arm of the grating was pulled down and 
the burnt shale allowed to fall into the hutch. After 
the furnace had been tlius emptied, the grating waa 
carried back to its former position by the counter- 
balance weight P. 

The products of distillation left the retort through 
the connection Q, and after the gas had been freed from 
oil, &c., it was returned through the pipe R and burned 
in the fm-nace for fuel. 

These retorts eftected a great saving in labour over 
the old forui of vertical retorts. In the first place, 
instead of duroping the shale on a platform, and then 
shovelling it by hand into the retorts, the latter were 
80 constructed that a set of rails could be permanently 
laid over the top of them, and hutches containing the 
shale travelled along these rails and simply had to be 
tipped over an open retort in order to charge the latter. 
The discharging of the furnace was equally expeditious, 
and the hutch full of burned shale was removed by an 
endless chain aod required but little manual labour. 

Ten men were able to put through 65 tons of shale 
with the Henderson retorts, while the same amount of 
shale required 14-5 men with the old vertical retorts; 
or about two men for the former, for three for the latter. 

Tlie coal required for working the Henderson re- 
torts was about 2 • 5 cwt. per ton of shale distilled, 
and of this about 1 ■ 5 cwt. was used in the retort fire 
chamber and the other 1 cwt. in raising the steam 
(in the boilers) used in the retorts and driving the 



machinery in connection therewith. Therefore, the 
amount of coal necessary to run the Henderson was 
only about one-half that needed for the old vertical 
retorts, and was due to the use as fuel of the gas given 
off during the distillation ; and it was also supposed to 
be largely due to the utilisation as fuel of the carbon 
left in the spent shale. Of course the spent shale from 
the old vertical retorts could not be used as fuel, owing 
to it having been drawn through the water trough at the 
bottom of the retorta and rendered too wet to burn ; 
but even the utilisation of the spent shale from the 
Henderson retorts as a heating medium was certainly, 
in the manner in which it was done, a backward step in 
economy rather than otherwise. As shown in Fig. 10, 
the gas for combustion was distributed in the furnace 
dose to the bottom, and had to burn its way upwards 
through the shale. It is quite evident that here was a 
weak point in the heating arrangements, because the 
spent shale when dropped from the retort was compara- 
tively cold, that is, it was not above a black heat, and 
therefore it required a large amount of the heat evolved 
by the combustion of the gas before it imparted any 
''beat itself to the retorts. It ia therefore apparent that 
Fif the gas was led into the furnace at a point above the 
spent shale, the whole of the heat that had been required 
for heating the spent shale to combustion point would 
be saved and utilised for heating the retorts, while, at 
ithe same time, the spent shale lying in the furnace 
would impart considerable heat to the air, necessary 
"for the combustion of the gas, as it passed up through 
it The author examined the gas burned under the 



retorts witii a view to determining whether its ealorifio 
power was sufficient to maintain the required heat for 
the retorts if utilised in the manner just referred to. 
The results of a larger number of determinations proved 
conclusively that the calorific power of the whole of 
the gas from one retort was a good deal more than suffi- 
cient to maintain a distilling heat on that retort for 
the required period of sixteen to seventeen hours, but 
as the retorts are not touched, as regards charging, from 
Saturday afternoon until Sunday afternoon, the shale 
has by that time ceased to give off gas, and therefore 
coal would require to be burned in the furnaces for 
about twelve hours, starting at midday Sunday. By 
adopting this method of burning the gas, the coal 
consumed in the retort furnaces could be reduced to 
' 5 ewt. per ton of shale distilled. 

The one objectionable feature in the construction of 
these retorts was the constant emitting of noxious gaaea 
from the short chimneys, thus seriously polluting the 
atmosphere in which the retort attendants had to work. 
At some of the works, these short chimneys were con- 
nected into a flue common to them all, passing along 
the aide of the retort bench and leading to a tall brick 
chimney. There is one thing in favour and one against 
this latter method of disposing of the noxious gases, 
and, looking at it in a favourable light, it is at once 
apparent that it rids the atmosphere in the immediate 
neighbourhood of the retorts of the sulphurous and 
carbonic acid gases, and therefore makes it healthier for 
the men employed at the retorts ; but, looking at it in 
the other light, wc see that the purpose for which the 




RETORTS. 



77 



short chimneys were meant — to prevent overheating by 
having too great a draught — was practically frustrated, 
because the draught of a tall stack is far more liable to 
variations than that of a short one, owing to its high 
altitude, and necessitates the employment of extra 
attendants to watch the heat and regulate the dampers. 



Tablk X« 



Hour after 
Chargiug. 


Honriy Yield of Grade Oil 
in Ghdlona. 


Hourly Yield of Ammonia 

(expreBsed as Solphate) 

in lbs. 




Na 1 Shale. 


No. 2 RhalA. 


No. 1 Shale. 


No. 2 Shale. 


1st 


Nil 


0-993 


4-010 


2-137 


2nd 


0-96 


1-325 

1 


2-811 1-441 


3pd 


1-85 


1-987 


0-561 0-701 


4th 


2-69 


3-200 


0-463 0-420 


5th 


3-16 


3-646 


0-330 0-343 


6th 


3-60 


3-706 


0-464 ; 0-449 


7th 


4-06 


3-500 


0-515 0-547 


8th 


2-81 


2-750 


0-739 i 0-633 


9th: 


2-25 


2-090 


0-980 1 0-601 


10th 


2-03 


1-250 


0-932 ' 0-525 


11th 


1-94 


1-250 


0-572 0-759 


12th 


1-22 


0-500 


0-586 0-712 


13th 


0-86 


0-385 


0-462 0-569 


14th 


Nil 


Nil ! 


0-364 i 0-528 


15th 


NU 


Na 


0-405 


0-448 


16th 


Nil 


Nil 


0-387 


0-416 


17th 


Nil 


1 
• • 

1 


0-165 
14-746 


• • 


Total 


27-33 


1 
26-582 


11-229 




L laste 



The shale charged into a Henderson retort weighed 
17 cwt, and hy refeiTing to Table X. we can follow the 
progress of the distillation of that weight of shale from 
the start to the finish. 

We see by this last table that the shale yields up 
aJI its oil by the end of the thirteenth hour, and that the 
further continued retorting results in tiie production of 
ammonia only. As stated some pages back, the whole 
of the ammonia is not obtained from the shale until 
the carbon in the latter haa been entirely eliminated, 
and therefore the shale in a Henderson would continue 
giving ofi" a small quantity of ammonia for some days, 
because the heat is not aufiicient to eliminate the 
nitrogen (that forms the ammonia) rapidly enough to 
exhaust the supply any sooner. The value of the 
ammonia obtained by continuing the retorting after 
sixteen hours have elapsed, is small as compared with 
the extra cost and outlay of apparatus that would be 
necessary, and therefore it is cheaper to content oneself 
with a smaller yield of ammonia, and confine the shale 
in the retort for only sixteen hours. 

The life of the Henderson retorts of course largely 
depends upon the usage they get, and the practice of 
some companies of working their retorts by contract 
cannot be too strongly condemned. The man who has 
the contract, being paid according to the yield, increases 
the heat on the retorts (as soon as the oil has distilled 
off') in order to obtain as larga a yield of ammonia as 
possible, and by so doing he greatly shortens the life of 
the retorts, and cases are known where they have only 
lasted for three years where the work has been done 



79 
,t)y contract. On the other himcl, retorts that have 
received careful handling have been known to be in as 
good condition after five yeai's' constant use as when 
first erected. 

A comparison of the yields, &c. , of the products from 
the old vertical and Henderson retorts will here be of 
interest, and is shown in Table XI. • 



Table XI. 





ll-foot Vertical. 


15-foL.t Verlioal. 


Grade OiL 


T.bs. 


Cnido Oil, 


Lba. 
Ammon. 


Cnida OU. 


Lbs. 


Sp- 
arer. 


0«llcm> 


AnuuoB. 


G^ 


Q»Ucm«. 


8p. 
Qrav. 


QbIIoh*. 


Amman. 


872 


23-29 


13-07 


874 


20-92 


16-24 


877 


27-17 


18-91 


869 


23-21 


10-32 


876 


22-70 


19-20 


873 


21-8G 


15-81 


869 


22-96 


10-12 


879 


21-10 


17-80 


877 


27-00 


19-30 


867 


20-78 


6-93 


881 


33-14 


19-12 


876 


23-79 


20-44 


869 


20-84 


8-46 


876 


22-66 


20-31 


875 


24-52 


17-50 


870 


23.88 


10-34 


884 


24-56 


23-26 


875 


24-33 


18-19 


874 


22-41 


12-81 


881 


23-49 


20-97 


872 


23-21 


12-33 


872 


21-34 


10-09 


883 


21-74 


21-88 


877 


26-71 


22-64 


870 


23-67 


11-65 


880 


21-97 18-10 

1 

92-47 19-64 


875 


27-01 


16-18 


A»ar. 


23-17 


10-31 






25-06 


17-91 


The shales use 


d in 


obtaining th 


e above tabulated 


results were charg 


ed ini 


the retort 


s, so that both the 


Henderson and ve 


rtical 


received pr 


actically the same 


■hale in each test 


and 


we therefore 


see that while the 


Bende 


rson 


jave t 


le san 


ae av 


rage 


^ield 


if oil 


as the 
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H Il-foot vcrtu-al retort, it gave only about one-half l^M 
H yield of ammonia. Also, an increase in height of 4 feetfl 
1 in the vertical retorts, while beneficial to the yield ofl 
H oil, seemed to Ije disadvantageous for the production of 1 
1 ammonia. These figures appear to be decidedly in 
W favour of the regular U-foot vertical retorts, when we 
~ consider that sulphate of ammonia ia one of the most 
valuable products ; but we shall see that the use of the 
Henderson in place of the vertical retorts yields larger 
profits. Henderson claimed that his retort gave a purer 
oil and therefore larger yield of finished products, and 
by turning to Table XII. we see that that claim was a 
decidedly correct one. 

Table XII. 


Finuhed Froduete. 


Crude OU. 


Crude Oil. J 


Vertical. 




Vertlcl. 


Heodenon. 


Naphtlia . 
Burning oils 
Intoimodiate oil . 
Crude scale. 
Lubricating oil . 


Nil 
41-45 
4B9 

11-64 
16-66 


1-50 
44-36 

1-64 
13-00 
17-12 


600 
83-30 
6-00 
9-26 
15-40 


5-00 
36-83 

3-00 
10-48 
17-26 


Total per cent. 


74-34 


77-62 


68-96 


72-57 


Not only did both the above comparative reanlts* 
from two kinds of shale* show an increased total yield 
of finished products, but there was also a large increase 

* The yioIdB of crade oil from both tlie Henderson and vertical 
retorts were practically the same. 



I the percentage of crude scale in the Henderson crude 
over the vertical, and this was a most important 
loint in favour of the former. 

A short summary of the foregoing facts shows : — 

1. That the Henderson retorts required only one- 
half the fuel that the vertical needed. 

2. That the Henderson retorts required only two- 
thirds of the labour that the vertical required. 

3. That the Henderson gave only one-half the yield 
of ammonia that the vertical retorts gave. 

4. That the yield uf crude was practically the same 
from both retorts. 

5. That the yield of finished products was 3 per cent, 
larger from the Henderson than from the vertical crude 

oa 

6. That the yield of crude scale was 1 • 3 per cent, 
larger from the Henderson than from the vertical crude 
oU. 

Taking all the above facts under consideration, we 
find that, from a " profit " point of view, there is a 
decided balance in favour of the Henderson retorts. 

The next retort that came into prominent notice 

3 Beilby's, and its general construction can be followed 

I by referring to Fig. 12, in which the side elevation 

I of two retorts is shown. The chamber B, surmounted 

by the hopper A, was common to four of the cast-iron 

retorts B', and the lower ends of the latter were jointed 

to the fire-clay cylinders C and D, while the lower end 

[ of D was jointed to a short cylindrical iron casting E, 

f which continued down below the surface of water con- 

I tained in the trough F. The retorts were heated by 




'Z OILS AND BY-PRODUCTS. 



means of a furnace, not shown in the illustration, and 
the furnace fires first passed into the chamber G and 
then up into the intermediate chamber H, from which 
they escaped to the chimney. The upper chamber I 
was heated partly by 
radiation from the one 
below, and partly by 
burning sufficient gas 
in it to maintain the 
"upper" retort B' at 
an incipient red heat 
The products of distil- 
lation passed away to 
the main L through the 
connection K. 

In working these re- 
torts the fire-clay portion 
was at a bright red heat' 
and the iron portion &tl 
a low red or almoal 
black heat. The ahale 
was deprived of its 
volatile matter in the 
iron retort, and when it 
passed down into the 
highly heated clay re- 
*'"' '"^ tort the greatest portioH 

of its nitrogen was there eliminated. Of course thtf 
dropping of the ahale from one portion of the retortl 
to the other was done progressively, and in much the 
same manner as in working the old vertical retort* 




By the use of the Beilby retort the oil was distilled 
from the shale at a low heat, and the moat of the 
ammonia was produced hy subjecting the spent shale 

(to a very high heat, and thus the conditions required 
for the conjoint production of maximum yields of both 
oil and ammonia were to a large extent obtained. 
However, the adoption of these retorts was nearly the 
roin of some of ihe oU companies. The fire-clay 
portions not being capable of withstanding the sudden 
alteration of temperature caused by a comparatively 
cool shale, from the iron retort, being brought in cou- 
t with their highly heated surfaces, resulted in their 
never being long at work before they cracked, and, as 
toon as that happened, the furnace fire was not long in 
finding its way into the retort and causing explosions. 
liis form of retort, therefore, could not be called a 
" working " success, and, as it could not be worked 
Bconoraically as regards labour, it went entirely out of 
Use about the year 1883. The average yield of products 
from the Beilby retorts as compared with the Henderson 
ftnd old vertical was lower as regards cnide oil, but very 
Biuch higher as regards ammonia, as will be seen by 
looking at Table XIII. 



Crude oil (per ton) 
Snlpliate of ammonm) 
(per ton) -J 



23-49 gals. 

20-97 lbs. 



23-27 g&lB. 
11-57 IbB. 



21-05 gftls, 
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Table XIV. shows how the yield of finished products 
from the Beilby crude oil compared with the other two, 
and from it we see that the results are very much in 
favour of the former, which, although giving one pet 
cent, less total finished products, gave nearly 2 ' 5 pet 
cent more crude scale than the Henderson crude gave, 

Tablb XIV. 


FiniBhed Pndnet 


VEftiral 

Crude. 


Crude. 


Beilbr 


Naphtha .... 
Bnniing oil . . . 

Intermodiato oil 
Crude settle 
Lubricftting oil . 


6-00 
33-30 
6-00 
9-26 
15-40 


6-00 
3G'83 

3-00 
10-48 
17-26 


2-00 
33-86 

5-00 
12 -91 
17-36 


Total per cent. 


68-96 


72-57 


71-16 


While Henderson and Beilby were designing retorts,! 
William Young was also working in the same direction, 1 
and produced a retort that was constructed un very 
much the same principle as Beilby's, only that it was 
made of cast iron throughout. The lower casting that 
was subjected to the high heat was soon burned through 
and rendered useless, aud the retorts, therefore, were' 
never used except experimentally. 

Seeing good points in each other's retorts, Yonng- 
and Beilby put their heads together and conjointly pro- 
duced a retort* that has practically superseded all other 

^^^ * Often callod the Pentland retort. 



fonnfl. The front elevation of these retorts ia shown 
in Fig. 13, while Fig. 14 is a side elevation of the 
shale retorts, and Fig. 15a side elevation of the coal 
retort and steam supei heater The distilling chamber 
A (Figs. 13 and 14), which is made of cast iron, is 
common to four oJ retorts B, which latter are also made 




[of cast iron and arc jointed at their lower ends to the 

nonia retflrta C, which latter are built of fire-briek. 

It 18 claimed by the patentees, that by using this 

wmposite form of retort the crude oil receives a partial 

purification in the distilling chamber A, which renders 

bhe first, or crude oil distillation, unnecessary, and thus 



effects a large saving in cost of refining. This partial 
purification ia said to be effected thus : — 

" The superheated steam, gasea and ammonia pasa 
from the high-heated retort up through the shale or low- 
heated retort, assisting in the destructive distillation 
and the elimination of the oil in the form of vapoar. 
The whole of the combined oil, water vapour, gas and 
ammonia pass up through the cold shale in the chamber 
above, causing the condensation of the oil vapours, and 
at the same tirae heating the shale. This condensation 
continues so long aa the temperature of the shale 
remains sufficiently low, and the shale being covered 
with the oil vapours, entangles all mechanical im- 
purities which would be carried forward with the oiL 
As the temperature of the shale in the chambCT 
gradually increases by the continuous flow of the 
heated gases and vapours through it, the more volatile 
of the previously condensed oils revolatilise, and as the 
temperature goes on increasing, the less and less volatile 
of these oils are evaporated, until by the time the 
distillation of the shale in the low-heated retort is 
completed, the last traces of the previously condensed 
oil are revolatilised and the shale heated to a tempera- 
ture approaching the point of decomposition." 

The above extract from Young and BeUby'e speci- 
fication exactly explains what takes place in every form 
of vertical retort, but it has been found in practice that 
crude oil from even t!ie Young and Beilby retorts cannot 
be properly refined unless it receives the preliminary dis- 
tillation, and therefore the cost of that part of refining 
is not saved. 



The moat novel thing about tho retorts ia the 
heating arrangements. Sixteen of the composite retorts 
are inclosed in two ovens D, and between the latter ia 
placed the coal retort E (Figs. 13 and 15). This coal 
retort is constructed of fire-brick and its lower half is 
provided with a number of pigeon-holes that open into 
the two ovens, and its 
lower extremity ends 
on grate-bars, and is 
provided with a fur- 
nace door. Supposing 
everything to be in 
working order when the 
coal retort is charged, 
tiie coal coming in con- 
tact with the hot sides 
of the retort and the 
superheated steam and 
gases (which are kept 
constantly passing up- 
wards) immediately be- 
gins to produce gas and 
ammonia, and these to- 
gether with the other 

° , Pio. 14. 

gases, and steam, are 

drawn oft' at the top of the retort into a main B (Fig. 15), 
«nd after the ammoniacal steam has been condensed and 
separated from the gases, the latter are returned to the 
retort and enter near the bottom. One portion of the 
returned gases again goes through the process just de- 
scribed, while the other portion ia drawn through the 




pigeon-holed brickwork into the oven D (Figs. 13 and 
14) surrounding the retorts, and is there consumed as 
fuel for heating the coal retort, Bixteen shale retorts and 
the steam superheater C (Fig. 15), The coal retort is 
worked so that the draught in the flues of the oven 
as near as possible counterbalances the slight vacuum 
maintained in the retort 
and connections leading 
to the exhauster, and in 
that way the gases gene- 
rated in the upper por- 
tion of the retort can 
be drawn off without 
danger of the fire being 
drawn up in at the 
lower end ; in fact this 
coal retort is worked in 
a very Biooilar manner 
to that already described 
for working McBeath's 
shale retort. By the 
time the coal has worked 
its way down in the 
retort and reached the 
grate-bars it is reduced 
to ashes, and the latter are periodically removed through 
the furnace door D (Fig. 15). This method of handling 
the fuel for the shale retorts results in the most of the am- 
monia, contained in the coal, being secured, whereas by the 
former methods of heating this ammonia was entirely lost 
The Young and Beilby retorts arc like most others 
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as reganls their length of life, and if placed in the 
hands of careful workers and, more especially, if not 
worked at too high a heat, they should last from six to 
seven years ; but if worked with the view of obtaining 
the maximum yield of sulphate of ammonia from the 
ehale and, therefore, at a very high heat, they will lust 
but two or three years at the most. In the long run, 
therefore, it is cheaper to sacrifice a little ammonia and 
thus lengthen the life of the retorts. 

It is very hazardous to allow these retorts to cool 
down, as the cooling causes the joint between the caat- 
iron and fire-brick portions to open, and the joint cannot 
be effectually closed again without pulling down and 
rebuilding the brickwork. It is therefore necessary to 
:eep these retorts constantly working, and the old 
customary rest from Saturday afternoon until Sunday 
afternoon cannot I>e indulged in. The retorts are 
charged every six hours, and the weight of the charge 
is 7 cn^., and a retort distils 28 cwt, of shale per 
twenty-four hours. Before the retorts are charged a 
quantity of spent shale (equal to the charge) is with- 
drawn to an iron hutch from the "ammonia" portion 
by opening the door D {Fig. 14). 

The Young and Bcilby retorts now in course of eon- 
■ BtrnctioD at some of the works are built entirely of 
P brick, and have a round cross section of 36 inches in 
diameter at the bottom and 24 inches at the top, and a 
height of 50 feet from the ground to the top of the 
H retort The results obtained from some of these enor- 
B mens retorts that have just been put into operation are 
fcwid to be very gatjafactory indeed. 




The cost of runnmg the Young and Beilby retorts 
compared very favourably with that of the Hendereon 
retorts, and the yields from the former are very con- 
siderably in their favour, as will be seen by referring to 
Tables XV. and XVI. 







Tablb XV. 








Prodnot. 


Heoder- 


Young 

xnd 
Beilby, 


[lander- 

BOD. 


Young 

end 
Eeilby. 


HendBi. 


Bnlbj, 


Cnide oil (gals.) 

Salphate of am-] 
monk (Iba.) f 


34-18 
12-34 


30-26 
44-76 


23-60 
11-70 


22-83 

45-11 


28-72 
10-93 


26-15 
43-6& 



The results of the distillation of three different shales 
as given above, show that the Henderson retorts give a 
somewhat larger yield of crude oil, but only about one- 
quarter (I) of the yield of ammonia that the Toungand 
Beilby retorts give. 



Finiubed Producta. 


CmdeOa, from 




Henderaon. 


Young aud Beilby. 


Napbthft .... 

Burning oil . 
Intermediate oil . 
Grade Bcole .... 
Lubricating oil . . . 


percent. 
2-00 
41-80 
1-02 
10-87 
17-36 


percent 
0-76 

34-27 

4-50 

13-57 

20-55 


Total . 


73-05 


73-64 
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Looking at Table XVI. we see that the total yields 
of finished products are almost identical in both cases, 
while the yield of crude scale is 2| per cent, and lubri- 
cating oil 2\ per cent, larger from the Young and Beilby 
than from the Henderson retorts. 

The yields of crude oils, from which the finished 
products in Table XVI. were obtained, were : — 



Henderson, crude . 
Young and Beilby, crude 



34 • 18 gallons per ton. 
30-26 



If by the use of these figures we calculate the 
percentage figures of the scale and lubricating oil in 
Table XVI. back to the shale, we find that the figures 
are still in favour of the Young and Beilby retorts, as is 
shown in Table XVII. 

Table XVII. 



Product. 


Yield in GallonB from One Ton of Shale. 




Henderson. 


Young and Beilby. 


Crude scale .... 
Lubricating oil . 


3-715 
5-933 


4-106 
6-222 



The yields of 0*391 gallons of crude scale and 
* 289 of lubricating oil per ton in favour of the Young 
and Beilby retorts, together with the enormous increase 
in the yield of ammonia, has naturally resulted in these 
retorts practically superseding all others. 

One often hears, when in the neighbourhood of the oil 
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works, of tremen Jous yields of sulphate of ammonia tliat 
such and aucli a company is obtaining, the reported yield 
often being as high as 80 lbs. per ton. Such apparently 
large yields are invariably accounted for by the fact 
that the company, instead of employing an overseer at 
the pit head to reject any inferior shale that may be 
loaded on to the railway wagons, prefers rather to make 
allowances for any inferior ahale that may be so loaded, 
by fignring a ton as weighing anywhere from 20J to 
24*cwt., and, therefore, when the company that boasts 
of a yield of 70 lbs. of sulphate of ammonia per ton of 
shale is retorting a 24-cwt. ton, the yield per actual 
ton is only 58-J lbs. Also, as the ammonia water from 
the Young and Beilby retorts contains a large amoimt 
of oily bases, the apparent amount of ammonia present 
in it greatly exceeds the actual amount unless special 
precautions are taken in making the analytical deter- 
minations, as will be explained under the heading 
" Laboratory." 

No matter what form of retort is used, it is absolutely; 
necessary for their safe working that the gas mains shatt 
be well supplied with explosion doors. These doora as»' 
made by leaving an opening, about 1 2 inches in diameter,, 
in the top of the main and surrounding it with a water' 
lute into which fits an iron cover. The cover has about 
3 feet of chain attached to it, and the other end of the 
chain is secured to the main. In the case of explosiona 
— which at times occur quite frequently — the iron covet- 
to the lute is blown off and affords immediate relief to; 
the main, while the chain prevents the cover being' 
blown any great distance and temporarily lost. 



The auxiliiixy apparatus necessary for the distilla 
D of shale consists of : — 

1. Steam boilers for supplying steam for the retorts 
well as running the machinery in connection there- 

Ith. 

2. A condenser, 

3. An exhausting fan or pump. 

4. A scrubber or coke tower for freeing the gas of 
I volatile oils. 

5. An apparatus for recovering the volatile oils from 
e coke towers. 

' 6. Separators, for separating the ammoniacal water 
no the oily products. 

7. Receiving tanks for the various crude products. 

. 8. A pond for cooling or quenching the spent shale 

aft^r it comes fi-om the retorts and before it goes to 

e waste shale bank. 

The amount of steam used in the Henderson and old 

rertical retorts amounted to an equivalent of about 

10 gallons of water per ton of shale, while in the 

roung and Beilby retorts about 110 gallons of water 

in the form of steam) are used per ton of shale. The 

ISessure of the steam for the Henderson retorts was not 

below 10 lbs. per square inch, while the steam 

in the Young and Beilby retorts is not to exceed 

pressure of a column of water 6 inches high. 

The use of such low-pressure steam in the Young 

BeUby retorts led Mr. McCutchon, of Young's Com- 

\j, to suggest, about nine or ten years ago, that the 

flue from the retorts be so constructed that the 

idingly large amount of waste heat could be utilised 
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for generating steam for use in the retorts. This very 
excellent suggestion, which would entnil but a compara- 
tively small outlay of capital and would save a very 
sum of money per annum in coal bills, has, so 
far as the author haa been able to learn, not yet hwn 
adopted. 

The amount of vacnum maintained in the retorte, 
mains, &c., by means of the exhauster is usually equal 
to a column of water 1^ to 2 inches in height. 

The condenser used in connection with the retorte 
is usually of the type known as an " Air Condenser," 
and, as the name implies, the cooling medium is air. 
The air condenser, shown in plan in Fig. 1, requires 
to be examined in detail in order to thoroughly undei^ 
stand its construction and method of working, and 
therefore we will refer to Figs. 16, 17 and 18. It b 
composed of a series of horizontal manifolds or " cheats" 
A, B and C connected with each other by means of the 
pipes E, F and G. The first chest A into which the gas 
and vapours from the retorts first pass is 2 feet in 
diameter by about 30 feet long, and is provided on its 
upper side with a single row of openings that enable 
the making of bell and spigot joints. The other mani- 
folds, B and C, are only 18 inches in diameter, hut 
are provided on top with a double row of bells, and 
divided longitudinally by the partition D, which ei' 
tends down to within 2 inches of the bottom. An 
condenser capable of handling the gas and vapours 
from 144 Henderson retorts usually consists of onft- 
manifold like A, eight piped Uke B, and one pi 
like C. After the gas and vapours have filled A, thej 
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upwards through F, and over and down into 
the manifold B, where they have to pass under the 
partition D before they can ascend the next series of 
pipes G, and so on until they have passed through thei 
eighth B-manifold, by which time their bulk has been 
so reduced that two of the pipes E can be connected' 
together and descend to the manifold C, as one. Tha! 
draining pipe K of manifold C is arranged so as toi 
maintain a depth of about 4 inches of liquid in lliO; 
manifold, and the gas, &c,, descending through thft 
pipes E, being unable to pass under the partition I), 
have to ascend to the other side of the partition before 
they are able to escape through the pipes I to the main 
J which leads to the exhauster in the exhaustion honse 
N. Each of the manifolds with the exception of C is 
kept thoroughly drained by the pipe K, through which 
the condensed products run into the traps L and then 
to the separators, and finally to the respective tanks 
for the different products. As the pipes F are liable; 
to become choked in the top bends an opening is pro- 
vided at P and fitted with a cover which can be easily 
removed and allow of the introduction of an iron 
rod with which to free the bends of an obstruction. 
The traps L are provided for the purpose of preventing 
the escape of gas, and are simply vessels in which the 
liquid is maintained at a height of about 6 inches 
above the bottom of the pipe K, thus forming a lute 
or seal. 

As the oil vapours from the retorts consist of a 
gradation from light to heavy products, it is natnral 
that the heavy or higher boiling point products should 
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coodetise first and that the condensed products should 
get lighter and lighter at each succeeding manifold. 
This diminution in the specific gravity of the oil con- 
densed in the respective manifolds and their piping 
enables the oU to be separated into two products, viz. 
Crude oil and "Air-Condenser" naphtha. In the sum- 
mer the first five manifolds yield crude oil and the last 
five naphtha, while in the winter the crude oil is all 
condensed by the time the vapours pass through the 
second manifold, and therefore the succeeding eight are 
used for the condensation of the naphtha. All the 
manifolds yield more or less ammoniacal water. 

We now see that the air condenser separates the 
gas and vapours into four products, viz. : — 

Crude oil. 

Air-condenser naphtha. 

Ammoniacal water. 

Gas (containing very volatile oils). 

In order to separate the mixture of crude oil and 
ammoniacal water, and air-condenser naphtha and 
ammoniacal water, the mixtures are run through their 
respective separators. 

The separator usually consists of a cast-iron cylindri- 
cal tank similar in section and plan to Figs. 19 and 20, 
in which the separator A is provided with a partitioned 
space C, which extends down to within 3 inches of 
the bottom. As water is heavier than oil, when the 
mixture of oil and water runs into the separator from 
the pipe E, the water sinks to the bottom and then 
up the partitioned space C and overflows at D, 



1 the surface of the water runs 



while the oil remaining 

off through B. 

As a separator is often needed for some esperiment 

that does not justify the expense of having a casting 
made, the author has shown 
iu Fig. 21 a separator that 
can be constructed for a very 
small cost. It consists of 
the tank * A, at the bottom 
of which is cut a hole to 
accommodate the pipe B, 
while the pipe C ia let into 
the tank near the top. It 
ia almost unnecessary to 
state that the water escapes 
through B and the oil 
through C. 

Of course the size of the 
separator depends largely 
on the volume of the fluids 
. it has to take care o^ 
but whatever the size 
it is always advisable to 
build it as deep as cir- 
cumstances will allow, as 
depth and not diameter ia 

the principal requisite for a good separator. 

Having separated the oil and aqueous products, we 

* A117 old tank or piece of l&rge-Bized pipe will answer thft 
purpose, or a g&lvanised iron vesael with Boldered joints can be 
cheaply constrncted. 
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will dispose of the crude oil and ammoniacal water in 
the mean time, by saying that they are pumped to their 
respective storage tanks, and confine our attention to 
the disposal of the air- 
condenser naphtha and 
the gas. 

Air- Condenser Naph- 
tha.— The yield of this 
product varies from 1 
to 4 ga^llons per ton of 
shale, and its specific 
gravity varies from '708 
to • 770 according to the 
efficiency of the condensers. Its semi-purification is 
efiFected by distillation in a horizontal cylindrical iron 
still of about 2000 gallons capacity. The heat neces- 
sary for the distillation is obtained solely from steam, 
which latter is introduced through a perforated pipe 
lying on the bottom of the still, and, passing up through 
tiie oil, heata and vaporises the light naphtha eontflined 
in the latter. The distillation is continued until the 
specific gravity of the distillate stream reaches "768, 
and when that point is reached the steam is shut 
off from the still, and the residue left in the latter, 
having a specific gravity of about 850, is pumped to 
L the crude oil storage tank. The yield of distillate from 
air-condenser naphtha varies from 40 per cent, to 70 
per cent.; this distillate is mixed witli the naphtha that 
is obtained during the process of refining the crude oil, 
and will be referred to later as "Air-Condenser semi- 
refined naphtha." 



vrv-.v 
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Gas. — The temperature of the gas as it leaves the 
air condenser of course varies with the temperature o£ 
the atmosphere, but it is usually about 10" to 15° F. 
higher than the atmospheric temperature, but in eases 
where the condensing capacity is 
somewhat insufficient, these figures 
are greatly exceeded. 

After the gas ha 
through the exhauster house it 
is discharged into the coke tower 
or scrubber shown in Fig. 22. 
The tower consists of an iron 
cylindrical tank A, about 9 feet 
in diameter by 40 feet 
placed on end and provided with 
a perforated false bottom B, which 
supports the pieces of 



coke C. The latter 
should be good hard 
gas - house coke, free 
from all dust, and 
piled in the tower tOi 
a height of about 30 
feet. Near the top of 
the tower 



perforated or " distributing " plate D, surmounted by • 
receiving cup E, into which a heavy oil is discharged 
from the pipes F. When the tower is in operation the 
donkey pump B (Fig. 23) keeps a constant supply of 
heavy oil discharging into the cup E, from which it. 
overflows on to the distributing plate D and then runfl 
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down over the surface of the coke C into the lower 
portion of the tower, from whence it runs to the suction 
of the pump. The gas entering at the connection G 
passes upwards and arouud the pieces of coke, and has 
to come in intimate contact with the constant shower of 
descending oil, which latter absorbs the moat of the light 
naphtha vapours before the gas can escape through the 
connection H near the top of the tower. After leaving 
the tower, the gas descends in the trap I, and has to 
bubble up through 3 or 4 inches of water contained in 
the latter before it can pass into the connection J 
leading to the retorts. A small amount of water is 
kept constantly runumg iuto the trap, and that which 
overflows throug!i the counection K is pumped to the 
ammoniacal water storage tank, as it is rich in ammonia. 
Explosions are liable to occur in the gas main J lead- 
ing from the trap to the retorts, and, if relief was 
not afforded, these esplosions would in all probability 
wreck the coke tower : therefore the trap is provided 
with the explosion door L, which, being Iiinged at the 
top, cannot be blown away, and always drops back to 
its place after being raised by any excessive pressure. 
Having disposed of the scrubbed gas by sending it back 
to the retorts to be burned as fuel, we will now follow 
the naphtha that was extracted from the gas, and which 
is called — 

Coke-Tower Naphtha. — The extraction of the coke- 
tower naphtha from the heavy oil just referred to, 
entails the use of the apparatus shown in plan in 
Fig. 23, and in elevation in Fig. 24, in which figures A 
and B being respectively the coke tower and pump, J 



C is a beater, D the still, E the naphtha condenser, ' 
the naphtha and water' separator, and G the naphtha 
■eeeiving tank ; while H and I are respectively the 




. g^, 



i 



ita, 



denser, P I 

— '-'-'-a 
e 

4 



fceavy oil and water separator and heavy oil cooler. 
Phe modus operandi is as follows : — 

One of the suctions of the pump B draws half of its 
npply from the heavy oil cooler and half from the 
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bottom of the tower, and discharges the whole in at top 
of the tower ; while the other suction of the pump 
draws all its supply from the bottom of the tower and 
diacharges it into the connection leading to the beater, 
which latter is provided with an automatic feed regu- 
lating cock, and any excess of oil discharged into tie 
heater connection is provided with a means of escape bf 
a branch connection leading to the top of the tower. 
After passing through the heater, the oil is conducted 
into the still D, where it is brought into intimate 
contact with live steam, which latter vaporises the 
naphtha that the heavy oil had extracted from the gaa 
in its passage through the coke tower. The steam and 
naphtha vapours pass off at the top of the still and into 
the condenser E, and, having been condensed, they then 
run through the separator F from whence the water runs 
to the sewer, and the coke-tower naphtha to its receivmg 
tank. 

The heavy oil being freed of the naphtha, passes out 
at the bottom of the still, and, after having had any 
water it may have collected separated in H, it con- 
tinues on to the cooler I, where its temperature ia 
reduced to 50'^ to 60° F. before it again passes into the 
suction of the pump B to renew the cycle of movement 
just described. 

A few words in regard to the construction of some of 
the above apparatus may be of use. The heater H ia 
composed of a long spiral coil of pipe placed in a tank, 
into which latter the steam from the pump exhausts. 
The hot water and steam which this tank contains heat 
the oil in its passage from a to ^ (Fig. 28), and thus effect 
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\ saving in the coat of the distillation — as regards steam, 
he exhaust from the pump enters the heater through c, 
[ any uncondensed steam escapes through d, while 
he condensed water is maintained at a steady level by 
he connection e. 

The still D is shown in elevation and plan in Figs, 
and 27, in which a is the oil inlet formed into a 
quare on the inside and provided with an upright 
pipe 6 at each corner. The four pipes b project to 



m. I 

1 c, 1 




within 9 inches of the top of the still, and the oil over- 
flowing from them trickles down over the wire gauzes c 
and comes in contact with the escaping steam from the 
d. The steam, and the naphtha that vaporises 
•om the oil, pass up through the gauzes and out at e, 
IwhUe the heavy oil continues on down and out at/. 

The condenser F is shown in part section in Fig. 25, 
ad is simply an upright cylindrical tank fitted with a 
1 coil through which the vapours pass, while cold 



water enters at the bottom of the tank and overflows 
near the top. 

The amount of oil that has to pass through th« 
coke tower per twenty-four hours depends largely, of 
course, on the quantity of gas to be scrubbed, but if 
the volume of gas is known it is easy to calculate the 
amount of oil to be circulated, by figuring that two 
gallons of oil are required for scrubbing every 100 cubic 
feet of gas. 

The Henderson retort yields about 3000 cubic feet 
of gas per ton of shale, and retorts about Ij ton per 
twenty- four, hours. Tlierefore the three benches of forty- 
eight retorts each (which the coke-tower naphtha appa- 
ratus just described would be easily capable of taking 
care of) would yield 540,000 cubic feet of gas per 
twenty-four hours, and eonsjequently the pump B would 
have to circulate 10,800 gallons of heavy oil per twenty- 
four hours. 

In the case of the Young and Beilby retorts, the 
yield of gas is from 7000 to 10,000 cubic feet per ton of 
shale, and consequently a coke-tower naphtha apparatus 
of the size we are dealing with would be able to take 
care of only two benches of these retorts of forty-eight 
retorts to the bench. 

The amount of coal requii-ed for supplying the steam 
for the pump, still, &c., for the coke-tower naphtha 
apparatus amounts on an average to 15i llis. per ton of 
shale distilled, or about 1\ ton of coal per twenty-four 
hours. 

Mr. Colman about the year 1875 conceived the idea 
of extracting the volatile naphtha vapours from gas by 
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means of compression, and Table XVIII. shows the 
results of this method of working as compared with the 
absorption or coke-tower method. 



Table XVHL 



Yield of Naphtha from 3000 oabio feet of GaB. 



Bj Compression. 


By Absorption. 


Pressure per Square 
Inch. 


Gallons. 


Specific 
Gravity. 


Gallons. 


Specific 
Gravity. 1 


160 lbs. . 
100 „ 

90 „ 


2-81 
2-26 
2-46 
2-44 
2-61 
2-26 


•693 
•668 
•708 
•710 
•708 
•700 


3-29 
2-78 
2-31 
2-17 
2-46 
1-81 


•708 
•709 
•710 
•705 
•708 
•701 


Average 


2-46 


•698 


2-47 


•707 



Both the compression and absorption methods 
gave, on an average, almost identically the same 
results as regards yield, and as the compression 
method was the more expensive the absorption method 
was continued. 

In the regular way of working, the yield of coke- 
tower naphtha does not usually exceed 1^ to 2 gallons 
per ton of shale, but there is an apparatus devised by 
William Young, that brings up thc' yield to 2^ to 
3 gallons. However, it is exceedingly doubtful whether 
there is anything to be gained (at the present market 



values) by extracting the last trace of naphtha froi 
the gas when, in order to do so, one has to 
the expense of 1000/. or so for apparatus and pay 
royalty in the bargain. Also, the extra naphtha that 
this apparatus extracts is of such a very volatile nature 
that even after it is obtained it is very hard to hold it, 
and, in fact, before it can be converted into a fini^ed 
product the moat of it has been lost by evaporation. 
Again, if we extract this last trace of naphtha we rofa 
the gas of a certain amount of calorific power and of the 
whole of its illuminating power, and it is necessary to 
use more coal at the retorts in order to replace the li 
in calorific power of the gas, and, as gas is largely 
for illuminating purposes in the works, it is necessary, 
the event of the shale gas being deprived of its illumi- 
nating power, to go to the expense of erecting a separate 
plant for the production of illuminating gas. Under 
the circumstances, therefore, a company that possesses a 
plant similar to the one illustrated in Figs. 23 and 24 is 
not warranted in going to the expense of ma kin g any 
radical and expensive changes in it. 

Cooling Pond. — Spent shale is at a red to bright-red 
heat when drawn from the retorts, and the practice of 
some companies of dumping it in that condition on the 
waste shale banks should not be tolerated, as the atmo- 
sphere for miles around is thereby polluted with noxious 
gases that destroy vegetation and ruin the crops, not to 
speak of causing constant discomfort to people living in, 
or having to pass through, the neighbourhoocL There 
is no excuse for the practice, as the spent shale can be 
quickly rendered unobjectionable at a small cost bjt 



inilding a pond between the retorts and the incline 
Bading to the waste shale bank. 

The pond A, Fig. 29, is built of brick and cement and 
irovided with a pair of rails on the bottom for the 
iutche3 to run on. The hutches B, full of hot spent 
ihale, are attached to the haulage chain C, by the short 
ihain D, and pulled through the pond of water, and by 
ihe time they reach the incline leading to the bank their 
lontents are thoroughly quenched. Thia process, of 
Durse, results in the generation of an enormous volume 




of Bteam, and so that the attendants can see what they 
are doing, and work expeditiously, it is necessary that 
the steam be carried off to a point where it will not 

■ interfere with the work ; therefore the pond must be 
K provided with the wooden hood and funnel E and F, 
■''which carry off the steam and discharge it into the 
■atmosphere many feet above. 

W Having arrived at the end of the process as far as the 
I retorting department is concerned, we will now take up 

■ the subject of refining — bearing in mind that the pro- 
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ducts from the retorts with which we have to deal 
are : — 

Crude oil. 

Semi-refined Air Condenser Naphtha. 

Coke-Tower Naphtha, 

Ammoniacal Water. 

Refining. 

Disiillmg. ' 

It has been proposed to atart refining operations by 
commencing with an acid and soda treatment in lieu of 
a diatillation, but aa that method of working results io 
a very much lower yield and no improvement in qualityi 
of the finished products • we will diseurd the idea, and 
Btart the refining of crude oil with a distillation. 

The stills first used by the late James Young con- 
sisted of horizontal caat-irou cylinders with wroaght- 
iron heads, and were about 3 feet 6 inches in diameter 
by 10 feet long, and the thickness of the metal wM 
2j to 3 inches. They were soon found to be very 
costly, as they were never long in use before thef 
cracked through the middle — circumferentially — aoj 
allowed their contents of 500 gallons to pour out into 
the furnace below. 

The next stills adopted were upright cylinders madd 

of boiler plate and having a concave bottom of the same 

metal. A, Fig. 29a, is a sectional illustration of one of 

these stills which was 6 feet 6 inches in diameter by 

* See Treatment vers?t« DistilUtiOD, under heading " Laboratory." 
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I6 feet high, and was charged with 1000 gallons cf oil 
I It was found that the wrought-iron bottom was not 
I capable of withsbinding the heat of more than a few dis- 
illations, and after trying lining the furnace-side of 
he bottom with thin fire-bricks, the wrought-iron was 
replaced by convex cast-iion bottoms, aa shown in B, 
Fig. 29a. These bottfims proved to be less useful than 
wrought-iron ones, as four or five distillations 
resulted in the bottom cracking around the part marked 

and the whole bottom would 
Bometimes drop, in one piece, into 
furnace, and thus cause a 
terious fire. 

The convex caat-iron bottoms 
were replaced by concave cast-iron 
ones, and the lower end of the 
wrought-ii'on body of the still 
was bevelled outwards (as shown 
in C, Fig. 29a), so as to be able 
to rivet it to the bottom without 
the use of angle iron. However 
Ihe improvement that resulted did 
x)t altogether equal expectations, and finally a pot- 
haped ca.st-iron still was adopted, and proved so satis- 
factory that this form of still has been in use ever since 
for distilling the heavier grades of oil. 

Young distilled his hghter grades of oil in horizontal 
atills that had a parallelogi'am cross section, and were 
niade of wrought iron, theii- dimensions being 12 feet 
long by 5 feet 8 inches broad and 6 feet deep, and the 
capacity was 2000 gallons. 




Pig, 29a. 
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The crude and heavy oil stills at the present day 
are, in some of the works, made entirely of cast iron, 
and are in two portions. The bottom portion is semi' 
spherical and the top is nearly so. Other works uao 
the same pattern of castings, but interpose a ring of 
wrought iron about 18 to 24 inches wide, thus gaining 
a greater depth with a comparatively small increase ia 
weight. 

Perhaps the construction of crude and heavy o^ 
still most commonly in use is that shown in Fig. 3( 
The wrought-iron portion B is bolted to the flange < 
the semi-spherical cast-iron portion A and the joint i 
made tight by the use of a mixture of sal-ammoniao' 
and iron rust. The short casting C is riveted to the 
slightly dialled top of the still, and the swan-neck D is 
bolted to the upper flange of this casting. The man- 
hole E is provided for the purpose of allowing a man to 
enter the still to clean it, &e. The heat that effects the 
distillation is supplied by the furnace F, and as it has 
been found that the direct play of the flames on the 
bottom of the Btill rapidly destroys the iron, a fire- 
brick arch G is constructed over the furnace to moda* 
rate the heat of the products of combustion befon 
they pass through the pigeon-holes H into the chami 
J surrounding the bottom of the still. The fumacl 
draught is regulated by the damper K placed in the 
flue L leading to the chimney. 

In the distillation of oil, as in the distillation ol 
shale, it is necessary to remove the vapours from tlw 
still as soon as possible, and prevent them from 
densing in the upper portion of the still and dropping 
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back into the boiling oil, and so being subjected to 
undue decomposition or "cracking." In order 
accomplish these two points, steam under a pressi 
of 15 to 20 lbs. is introduced into the still through the 
pipe a, which finishes in a perforated circle h, about s 
foot above the bottom. As steam at a pressure of 15 
to 20 lbs. has a temperature of only 250° to 259° F.— 
while the temperature of the oil in the still when the 
distillation has been in progress for three or four hours 
is about 300° to 400" F. — it is obvious that the et«aiu 
must have a cooling effect on the contents of the still 
and necessitate an increase of fuel being burned in the 
furnace in order to counteract it. Various methods 
have been proposed or adopted for the purpose of over- 
coming this cooling effect, and some manufacturers pass 
the steam through a fire superheater (composed of ft 
number of lengths of pipe coupled together by a mani- 
fold at each end, and built into a chamber heated by 
a furnace) before admitting it into the stilL This 
method of superheating steam certainly does not save 
fuel, and, in fact, it increases the consumption if any- 
thing, as the superheater brickwork radiates consider- 
able heat, and a large amount of heat passes from the 
furnace to the chimney, and, also, the steam in its 
passage from the superheater to the still loses a certain 
amount of its heat, no matter how well the pipe is insu- 
lated. Apart from the want of economy, this method of 
superheating is incorrect, from the fact that one super- 
heater supplies eight or ten or more stills at one time, 
and as it is impracticable to have all the stills running 
a corresponding spetiific gravity distillate at the same 



ime, some of the stills must of necessity be receiving 
steam that is either considerably hotter or colder 
itan they require ; tiiat is, taking it for granted that 
is possible to regulate the temperature of the super- 
ated steam, and gradually increase it to suit the 
ffogress of the distillation, but this regulation is not 
ractical in every-day work, and consequently fire 
:perheaters often do more harm than good. 

Mr. McCutchon, of Young's Company, constructed 
Ic most practical and economical superheater, by 
taking use of the oil vapours as a heating medium 
the steam. lie accomplishes the purpose by in- 
srposing an unusually large diameter connection M, 
ig. 30, between the swan neck and the condenser con- 
ction N, and in the connection M building a coil c, 
three lengths of 1-inch pipe, through which the steam 
B to pass in its passage from the main d to the per- 
irated outlet h. In this way the steam is heated to 
B temperature of the oil vapours ; and as the distilla- 
m progresses and the vapour temperature increases, 
B temperature of the steam is increased also, and thus 
tare of the steam to suit the 
of the distillation is ensured. 
The only other necessary apparatus connected with 
le distillation is the safety-valve 0, condenser P and 
ninections Q leading to the separator. The safety- 
live is weighted so as to blow off at a pressure of 3 or 
lbs., and in the event of the valve being raised, any 
I vapours that pass tflrough it are conducted by the 
pe e, and allowed to impinge on the surface of the 
iter contained in the condenser, and are thereby cooled 

I a 
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sufficiently to prevent them taking fire. The condense! 
ia aupplied with a cast-iron spiral coil or worm R (ia 
which the vapours are condensed) and with the con- 
nections S and T, which are respectively the inlet an^ 
overflow for the conden,sing water. 

As steam is used in the distillation it is obvious that 
the distillate leaving the condenser is mixed with water, 
and, consequently, separators ("Figs. 19, 20 and 2\) are 
placed between the connections Q and the receiving 
tanks for the different grades of oil. In future it will 
be taken for granted that the distillate passes through 
a separator in all cases where steam has been used in 
the distillation, and therefore, the separator will not be 
again referred to in this connection. 

The crude oil that is charged into the still should be 
well settled and free from shale dust and other dirt, as 
well aa water. If any dirt is present in the crude oil 
charged into a still it will settle down on the bottom 
of the stni (after the oil has become well heated^ and 
form a layer that is partially non-conducting, and 
which the heat from the fumace will have great diffi- 
culty in penetrating, and consequently will necessitate a 
very much hotter fire being used than if a crude oil free 
from dirt were charged into the still. If any water ia 
present in the crude oil it may or may not make its 
presence known in time to prevent a " boil over." If 
the stUl is cautiously heated at the start the presence (rf 
water will make itself known as soon as the oil reaches 
a temperature of about 212° to 220° F. by causing a 
loud sizzling sound, and occasional thumps that can be- 
plainly heard at a distance of 20 feet from the still 
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The sizzling is due to the water that has been evapo- 
.ted heipg condensed in the upper portion of the still 
constantly dropping back into the hot oil ; while 
occasional thumps are due to quantities of water 
;'that might equal from one-eighth to one-half pint or 
more finding their way to the bottom of the still before 
they are converted into steam, thus raising a large 
volume of oil that drops back with a thump. Should 
a fierce fire be started under a still charged with crude 
oil that contained a little water, the warning sounds 
above mentioned would not be heard, but, instead, the 
water would be so quickly converted into steam, that 
the latter would form a frothing mixture with the oil, 
which would " boil over " into the condenser worm and 
cause endless mess and annoyance before it could be 
stopped by drawing the fires and allowing the still to 
cool down. 

As mineral oils (taken as a generality) expand " 4 
per cent, for every rise in temperature of lO^^F., it is 
evident that when a still is charged, ample room should 
be allowed for this expansion, and therefore, with the 
etill shown in Fig. 30, an allowance of 18 inches is 
made for expansion, and head room for the vapours, or, 
in oil works phraseology, the still is charged 18 inches 
oat 

From the foregoing it is plain that when a still is 
charged and ready for firing, it must be carefully and 
slowly heated at the start. After all noise has ceased 
and, therefore, all the water may be considered to have 
distilled off, the fire may be safely increased a little 
itil the distillate begins to trickle from the condenser 
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worm ; and this being an intimation that the distilla- 
tion has commenced, the steam valve / is gradually 
opened, 80 that at the end of about twenty minutea it ia 
wide open and a full head of ateam is blowing amongst 
the contents of the still. The stream of distillate, and 
the furnace fire then need the whole attention of the 
attendant, whose point in view should be to maintain a 
steady flow of distillate by so regulating the fire that 
the steam valve does not need to be touched from the 
time it is opened until it is shut again when the distilla- 
tion ia finished. Regulating the distillation by means 
of the fire necessitates far greater attention and mote 
work than by the use of the ateam, because, in the 
latter case, the attendant can put on a large amount of 
coal at a time and then sit down and watch the dis- 
tillate, and if the stream increases, he simply closes the 
steam valve a little ; and then, as the coal becomes 
exhausted, and the distillate decreases in volume, he 
gi-adually opens up the steam valve again until he haa 
it wide open, and then he replenishes the fire with 
another large supply of coal, and sits down again- K 
the steam valve is not allowed to be touched between 
the start and the finish of the distillation, the attendant 
has to " fire " more frequently, and with only a small 
quantity of fuel at a time, and consequently is not abk, 
to sit down as often as he might like to. 

The distillate resulting from a distillation that ha^ 
been regulated by the steam rather than by the fire, «■ 
decidedly inferior to a distillate resulting from a properly 
fired still ; it will have, perhaps, a slightly better colour 
and its specific gravity will be lower, owing to a certain 



amount of " cracking " having taken place, but the yield 
will be very much lower and the distillate will contain 
less solid paraflms. Therefore it is a wise plan to place 
the steam valve at a height that cannot be reached 
without going to as much trouble as would be necessary 
in attending properly to the fire. 

During the early part of the distillation the con- 
denser must be kept well supplied with cold water so 
as to be sure that the more volatile products are 
thoroughly condensed and do not escape in the form 
of vapour ; but as soon as the distillate begins ttj show 
signs of wax * {when cooled to 40° F.) the water supply 
IB diminished gradually until, when the distillate con- 
geals at 50° F., the supply is entirely shut off and the 
"Water in the condenser is allowed to heat up until the 
distillation is finished. If the condenser were kept 
cool all the time, the heavier distillate containing was 
■would soon choke the condenser worm, and perhaps 
result in blowing up the Btill. Of course the safety 
valve would give a certain amount of relief, but as the 
valve is not designed to wholly relieve the still when 
the latter is running a normal stream of distillate, it 
would be necessary to at once close the steam valve and 
draw the fire in order to prevent an explosion, not to 
apeak of stopping the waste that takes place when the 
oil vapours escape through the safety valve connee- 
m e. 
The above remarks apply to nearly all the different 
distillations with which we shall have to deal, but the 
form of still is not the same for all the grades of oil. 
The still just described is only used when the distilla- 
• Soo " Labunitory." 
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jiDn requires to be conducted to dryness or " coked." 
len the distillation is to be only partially perfonned 
e. a liquid residuum is to be left in the atill), a still 
instructed in the manner shown in Figs. 31, 32 and 33 
is used. Referring to these figures, which are respec- 
tively a longitudinal elevation, end elevation and plan, 
■A, is the Btill set in brickwork and heated Ijy the furnace 
IB, placed at one end of the still. The products of 
combustion travel under the arch C to the further end 
of the furnace, and then upwards and between the 
arches C and D into the cliamber E, where they come 
in direct contact with the lower quarter of the diameter 
€>f the still, and travelling towards the front end they 
branch off on either side and pass into the flues F, which 
»nduct them to the back end again and down into the 
oain flue G which leads to the chimney. The draught 
regulated by the dampers H. 

The condenser worms of these stills * are usually 
mtinued into a brick building called a " Worm House." 
ach a house ia illustrated in plan in Fig. 34, and Fig. 35 
hows the end elevation in section. A arc the continued 
oodenser worms, and B are light sheet-iron troughs pro- 
ided with a metal strap C at one end and a short spout 
s the other ; the strap holds the trough close up to the 
Ipes A, and at the same time allows the trough to be 
aily moved backwards and forwards along the pipe, 
I that its short spout can be placed in any one of the 
innections D that may be desired, thus allowing the 
Btillate to be conducted to any of the receiving tanks 
which the pipes E lead. 

• To be heieaftor knoivn ae " Burning Oil StilU." 



That the various grades of oil may be more easily 

followed from start to finish of the refining process, 

the capacities, life, Sec, of the various stills, together 

I with the fuel and steam used, and also the amount of 

■ condensing surface needed, &a, will be dealt with later 

P'under the heading " DistUling Data." 

Crude Oil. — Generally speaking crude oil has a 
greenish-black colour, a smell peculiar to itself (that 
cannot be properly described) and solidifies * at about 
80° F., and at ordinary temperatures (50° to 60°) its 
consistency is about that of soft butter. 
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• Sec •' Laboratory." p. 214. 
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which they are produced and the form of retorts in which 
shales are distilled. As will be seen from Table XIX., 
the horizontal retorts yielded the lightest, and the old 
form of vertical the heaviest crude oil. 
When a crude oil is distilled it yields — 

Once-run distillate. . 

Chrysene. | 

Coke. \ 
Gas. 

The once-run distillate, which averages 93 to 95 per 
cent, of the crude oil charged into the still, will be more 
particularly referred to later, but for the present we will 
dispose of it by pumping it to its storage tank. 

Chrysene, or stUI ends, is the highest boiling point 
portion of the crude oil, and consequently only distils 
over at the end of the distillation. It is a dark greenish- 
red coloured fluid when hot, but when cooled to about 
40° F. it is of a yellowish colour and more or less 
brittle. A piece of the cooled chrysene after being 
held in the hand for a few minutes becomes plastic and 
sticky, and cannot be easily removed from the skin, and 
therefore it is an objectionable substance for either lubri- 
cating oil or wax to contain, and consequently it is sepa- 
rated by fractionation at the still. The yield of chrysene ■ 
amounts to, on an average, 0'6 per cent., and, as no 
better use has been found for it, it is mixed with coal dust ■ 
and burned as fuel under the stills, &c. This substance 
is further referred to under the heading " Laboratory." 

The coke resulting from the distillation of crude oil 
is somewhat softer or less brittle than gas-house coke.' 





. in thieknees from 2 to 3 feet, and is formed 
lid mass on the bottom and partly on the side 
! cast-iron portion of the still (Fig. 30). It is 
ifiually very close grained on the underside {i.e. the side 
t the iron), but gradually gets less dense until, near 
he surface, it is spongy in appearance. It has a dead 
i colour except on the very surface, which latter is 
"a glossy black. It is used principally under the stills as 
fuel, but is also used in the manufacture of electric light 
carbons. The yield of coke varies * from 27 to 30 lbs. 
per 100 gallons of crude oil. 

The gas is generally a wasted product, but one of 
the companies collects it and uses it as fuel. The 
quantity of gas resulting from the distillation of 2000 
gallons of crude amounts to about 1000 cubic feet, and 
it seems i:icredible that arrangements are not more 
generally made for ita collection and use. The whole 
of the 1000 cubic feet is not permanent gas, but about 
10 per cent, of the volume is light oil vapouia that are 
not condensed in their passage through the condenser. 

As the various grades of oil receive acid and soda 
treatments between distillations, we will, before pro- 
ceeding further with the routine of manufacture, take 
np the subject of, and review the apparatus used in, 

I Some of the companies preferred to treat oil by first 
using caustic soda, then acid, and finally a wash with 
pifficient weak solution of soda to neutralise any acid 
I * Beo " DisdlliDg Data." 



Treating. 
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that might be left in the oil. The reason for this 
method of procedure is not at all plain, and, as it does not 
result in any improvement in the quality of the oU, but 
necessitates an additional pumping and, consequently, 
additional coat, the only apparent reason for its adop- 
tion is a desire on the part of its adopters to be different 
from other people. 

The treatment of an oil should be started with acid, 
and it is accomplished by violently agitating the mix- 
ture of oil and acid in a tank or agitator. 

The old style of agitator was a cast-iron vat 8 feet 
or so in diameter by 4 to 5 feet deep, and, if used for 
the "acid" treatment, it was lined with sheet lead; if 
for the soda treatment, the lead lining was dispensed 
with. The agitation in former days was performed by 
means of blade,s or vanes attaehed either horizontally to 
a vertical shaft, or vertically to a horizontal arm, and 
made to revolve rapidly through the contents of the 
agitator. The results obtained in this way were not 
satisfactory on account of the inability of the machinery 
to produce a sufficiently intimate mixture between the 
oil and acid, but this method of agitation is stiU in use 
in some of the works for the " soda" treatment. 

Very commonly, the agitation for both the acid and 
the soda treatments is performed now by means of air, 
and more rarely by the use of centrifugal stirrers. In 
the former case the agitator should be of greater depth 
than diameter, and the sizes usually adopted are &om 
6 to 9 feet in diameter, by 10 to 15 feet deep, and 
having a capacity of only 1500 to 5000 gallons. Thft 
air is conducted to the bottom of the agitator through; 



i 2-inch pipe, and, being under a presBure of 6 to 10 ll)s. 
per square inch, it tosses the mixture of oil and acid 
alwut in its passage to the surface. When the centri- 
fugal stirrer is used, the agitator is usually greater in 
diameter than height, and only holds about 1200 gallons. 
The centrifugal stirrer is very similar in construction to 




a turbine, and is shown in section in Fig. 36, in which 
A la the agitator, and B the stirrer. The portion a of 
the stirrer is bolted firmly to the bottom of the agitat^or, 
and b is bolted to a, while c is securely fastened to the 
abaft C, and rapidly revolved by the gears D. The oil 
( sucked down through the centre of the stirrer and 



violently discharged, through the passages e, 
the side of the tank. In this way the oil and acid 
most thoroughly mixed, and the completeness of the 
mixing, as compared with air agitation, can be easily 
seen by dipping pieces of paper into the agitating oila 
and then holding them up to the light, when the paper 
from the air agitation will show specks of tar that are 
comparatively large and far apart, while the centrifngtd 
stirrer paper will show a mass of finely divided particles 
of tar. 

This test shows that the centrifugal stirrer causes 
a more thorough and intimate mixture of the oil and 
acid than the air does, and working results also point in 
that direction, because considerably less acid is needed 
fin order to secure the same results) with centrifugal 
than with ait agitation. 

The method of procedure in the treatment of oils is 
as follows : — 

After the agitator has been charged with the oil and 
agitation started, the acid is slowly added, and the 
agitation continued for a period varying from fifteen 
minutes to an hour faccording to the grade of oil) after 
the oil has received the whole of its acid. After the 
prescribed length of time for agitation has elapsed, the 
mixture is allowed to remain at rest for a period varying 
from two to twelve or eighteen hours, at the end of 
which time the tar has all settled to the bottom. Thiff 
" acid tar " ia now drawn off through the cock B 
(Fig. 36) and is run to a receiving tank, and will 
referred to again under " Acid Tar." The clear dark" 
coloured oil is then pumped from the acid agitator into 
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le Botla agitator, when it receives the soda treatment 
a similar manner to the treatment juat described, 
"ter " settling " or remaining at rest for a given 
.umber of hours, the " soda tar " is withdrawn and run 
its receiving tank, and "will be again jeferred to 
Bder " Soda Tar," while the settled oil is pumped to 
ts receiving tank. 

The quantity of acid required for a treatment is run 
im the acid storage tank into an " egg," and from 
.ere blown, by means of compressed air, into the 




gitator. A useful form of "egg " is shown in Fig. 37. 
t consists of the open-ended cast-iron cylinder A, pro- 
ided with Hanges B at each end. To the flanges B are 
(olted the cast-iron heads C, and the joint is best made 
ight by the use of a gasket of asbestos cardboard. 
Tie cylinder is provided with the three flanged open- 
ings D, one of which is fitted with a pipe that continues 
down to the liottom of the egg, while the other two ate 
fitted with pipes that terminate at the flange. One of 
these last two pipes is used aa a charging pipe &om the 



storage tank, while tie other is connected with tlie 
air compressor or " blower." As soon as the egg 
is subjected to the requisite pressure, the acid is 
forced up the pipe that continues to the bottom of 
the egg, and ia discharged into the agitated oil above 
referred to. 

The Author was greatly surprised at the smaUneas 
of the quantity of oil treated at a time, and when he 
asked a foreman the reason for it, he was informed that 
" if a batch of oil did not turn out all right, only a 
small quantity was spoilt, but if the size of the agitatocs 
were increased the quantity of oU that might be spoiltl 
would be correspondingly increased." That is, indeed,! 
a very poor reason, and simply points to incapability 
on the part of the foreman to turn out uniformly good 
work. If the foreman is a capable man there is do 
reason why he cannot form a correct estimate of the 
quality of each Imtch of oil before it is treated, and how 
much acid it should receive ; and, in that case, the treat- 
ment of 40,000 to 50,000 gallon batches of oU can be 
just as well conducted as 1500 to 5000 gallon batches, 
and will result in an all-round saving— leas acid will be 
required, less oil will have to be recovered, there will be 
fewer agitators to clean, less machinery to look after and 
keep in repair ; no greater length of time is required 
to agitate a batch of 50,000 gallons than a batch ctf. 
1000 gallons, and consequently, the same amount of 
work can be done in one large batch with the aid of 
very much less labour than in the case of numerous 
small batches. 

Under the heading of Treating Data will be found 



atistics relating to the amount of acid and acid tar 
I in the settled " acid oils," which will be of value 
I interest. 

Once-Run Oil. 

The once-run oil from the crude oil distillation 
hich we left in its storage tank), after bemg settled 
irfectly free from all moisture, is now pumped into an 

;id " agitator, and its temperature should not be over 

to 20 degrees higher than its setting point* when 
Station is started. This oil may be advantageously 

.ted with the acid tars from the light oil treatments, 
or with recovered acid of 77° Twaddell followed by a 
treatment with 148° Tw. acid. If the " acid tars" are 
used, 10 per cent, by volmne should be slowly dis- 
charged from the egg into the agitating oil, and after 
the latter has received all its acid the agitation is 
continued for fifty minutes ; or, the acid may be added 
in two or three successive portions, the agitation being 
continued for thirty minutes and then the oil allowed to 
settle for fifteen minutes, and the settled tar drawn off 
before the next portion is added. If recovered acid is 
used, 10 per cent, or less (according to the quality of 
the distillate) is added in one or more portions and 
Bgitated and settled as above ; but, after all the weak 
acid has been added and the resulting tar withdrawn, it 
ia necessary to give the oil a further treatment with ^ to 
1 per cent of 148" Tw. acid. If the use of only fresh 
•cid is preferred, the strength should not exceed 
148° Tw., and the amount required will be from 4 to 5 

:r cent. 

* See " Laboratory " 
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Whether acid tars, recovered acid, or only fresh acid 

is used, it is necessary, after the last stirring, to allow 
the oil to settle for sixteen to twenty hours, after which 
the resulting tar is carefully drained off before the clear 
oil is transferred to the soda agitator. 

In the soda agitator this oil should first be treated 
with the soda tars from the second and third stage 
treatments, and, after being agitated for thirty minutea 
and allowed to settle for twenty minutes and the tar 
drawn off, a further treatment with 1 per cent, of 65" 
Tw., recovered soda* solution is given. The oil should 
be agitated for one hour after the second addition of 
soda, and must then be allowed to settle for eight hours, 
after which the clear oil is to be pumped to the storage 
tank for 

Treated Once-Run Oil. 

This oil is next distilled in the 

First Stage Oil Stills.^ — The distillation is con- 
ducted with the aid of steam, and the distillate should 
be fractionated from the start up to a specific gravity of 
770 at the worm end for naphtha ; from 770 up to 835 
for " light oil " distillate, and from 835 to 850 for heavy 
oil distillate, while from 850 up to about 870 consti- 
tutes " heavy oil and wax " distUlate. When the specific 
gravity of 870 is reached, the fire should be drawn from 
under the still, and the residue left in the still pumped 
to the first stage residuum storage Lank. We therefore 
see that the separations mad'^ at the first stage oil B rillH i 
are : — 

' See " Sodit Recovery." j See Figs. 31 und 32. 



Naphtha (to be referred to later). 

First stage light oil distillate. 
„ heavy oil distillate. 

Heavy oil and wax . . . {to be referred to later). 
First stage residuum. . . i. i. 

The light and heavy oil distillates are pumped from 
their respective storage tanks into separate agitators, 
where they receive respectively Ij and 1^ per cent, of 
170° Tw. acid. The agitation in both cases should be 
continued for from thirty to forty-five minutes, and the 
temperature of the oil should not be above 70^ and 
80° F. After the agitation is completed, the oils are 
allowed to settle for about sixteen hours, or, if ^V of 1 per 
cent of wat-er is thrown into the agitator a couple of 
minutes before the agitation is completed, the oils need 
be settled only three or four hours before being trans- 
jferred to the soda agitator. 

The soda treatment at this stage should be accom- 
plished with the use of recovered soda of 60'^ to 65° Tw. 
■the light distillate receiving about 0"6 per cent., and 
tie heavy distillate about 0'75 per cent About ten to 
twelve hours are necessary to effect the thorough settle- 
ment of the soda tars, and after the tars have been 
withdrawn, the oils are pumped to, and mixed in, the 
storage tank that supplies the 

Second Stcuje Oil Stills.- — These stills are similar in 
construction and setting to the first stage stills, but they 

run with a " feed," that is, after the distillation has 
■tarted, the first stage treated oil is allowed to run from 
"'le elevated storage tank into the still and the volume 
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of inflowing oil is regulated so aa to equal the volume 
of oil leaving the still in the fonn of vapour, and thus a 
steady level of oil is maintained in the still. To ensure 
the volume of inflowing oil being equal to the outgoing 
distillate, the still is fitted on the front or furnace end, 
with gauge cocks, which the attendant opens every now 
and again in order to lot^te the oil level in the still. 

So that the ingoing oil may not have an undue 
cooling effect on the contents of the still, the Author 
would advise the construction of a coil in an enlarged 
connection between the still and the condenser, through 
which the oil should be made to flow before being 
liberated at a point near the bottom of the stUI. 

As soon as the distillation commences, steam is 
turned into the still and the distillate from the start (ia 
about 770 specific gra\-ity) up to a specific gravity of 
835 at the worm end is run to the second stage light oil 
tank, and as soon as ' that specific gravity is reached, 
the " feed " is shut off' and the distillation continued 
until the distillate reaches 850 specific gravity at the 
worm end, when the steam is shut ofl' and the fire 
drawn. This second fraction — from 835 to 850 — is run 
to the second stage heavy oil tank, while the residuum 
left in the still is pumped to the second and third stage 
residuum tank. 

From the above distillation is obtained : — 

Second stage light oil distillate. 



k 



residuum „ (to be referred to later). 

• Soe "DiBtillingDala." 




The second stage light and heavy distillates are 
;ated separately with from 0*35 per ceut. to 0'375 
r cent., aDdO"4 percent, to 0*55 per cent, of 170°Tw. 
icid respectively. The soda treatment should consist of 
5 per cent, and 0*6 per cent, of 64° Tw. caustic soda 
ilution, made from fresh " drum " caustic .soda, and not 
;covered soda. The length of time of agitation and 
ttling, &c., should be the same as in the case of the 
■st stage oils. 
The treated second stage light and heavy oils are 
tored in separate tanks to await another distillation. 
Third Stage "Light" OH Stills.— Theae stills are 
:e the second stage ones, and are run with the aid of 
steam, and the second stage treated light oil is " fed." 
The specific gravities at which the distillate is fraction- 
ated depend upon the number of grades and quality of 
burning oil required. If only one grade of burning oil 
were wanted, the distillate would be run from the start, 
until the worm end specific gravity reached, say, 840 
to 845, and this would give a bulk specific gravity 
of about 812. K two gi-ades of burning oil were 
desired — a good and somewhat inferior one — the lighter 
distillate at the start of the distillation should l)o 
allowed to run into what we will call No. 2 tank ; this 
distillate (which will start with a worm end specific 
gravity of about 770) should be run until xta ivorm tnd 
r specific gravity reaches 790. At that specific gravliy 
the distillate stream should be turned into another tank 
(which we will designate No. 1 ), and when the '' bulk "• 

kapecifie gravity of the contents of this No. 1 tank reaches 
* Tbst !b, the whole of the contonts of the tank well mixed. 



810 the stream should be turned back into No. 2 tank, 
iuto which it is allowed to run until the worm end 
specific gravity reaches 840 to 845. The bulk specific 
gravity of No. 2 tank will then be about 804 to 810. 

As an oil that has a specific gravity of over 840 is 
unsuitable for burning in lamps, the feed to the still ia 
shut ofi' when that specific gravity is reached,* but the 
distillation is continued until the worm end specific 
gravity of the distillate reaches 850, and then the steam 
is shut off and the fire drawn. The distillate that runs 
between the specific gravities of 840 and 850 constitutes 
intennediate oil. 

The third stage light oil stills therefore yield : — 

t No. 1 grade burning oil (ready for the market), 
t No. 2 
Intermediate oil (ready for the market and for 

gas making, &c.). 
Third stage light residuum (to be referred to 
later). 

Tldrd Stage " Heavy " Oil Stills.— These are run 
without a feed, but with the aid of steam. The treat«d 
second stage heavy oil charged into these stills should 
be BO fractionated that the fractions correspond in built 
specific gravity with those obtained from the third stage 
" light " oU stills with which they are mixed. When the 
distillate from the third stage " heavy " oil stills reachea 
850 specific gravity at the worm end, the distillation iS' 
stopped and the fractions obtained from these stills vill 
most probably be: — 



' See "Distilling Doto." 
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No. 2 grade baming ofl (mixed with same from 

third stage light oil stills). 
Intermediate oil (ditto). 
Third stage heavy residnam (to be referred to 

later). 

The burning and intermediate oils from the la&t two 
distillations must, of course, be thoroughly settled and 
free from moisture before being pumped to their storage 
tanks, ready for barrelling and delivery in the market. 

Some of the companies make a speciality of a 
burning oil that has been finished with a treatment 
instead of a distillation. In that case an oil like No. 1 
grade burning oil is usually chosen, and this is treated 
with 2 to 2i per cent of 170" Tw. acid with ten to 
fifteen minutes' agitation. After the acid tar has l>een 
allowed fifteen to twenty minutes to settle out, and has 
been drawn off, the oil is transferred to the soda agitator, 
where it is first agitated for two or three minutes with 
5 per cent, of water, settled for five minutes, and then, 
after the water has been drawn off, \ per cent, of 
3^ Tw. caustic soda solution is added and agitated 
sufficiently to ensure all the acid (that may be left in 
the oil) being neutralised. The weak soda solution 
having been settled out and run off, a further treatment 
of i per cent, of 65° Tw. soda is given the oil, and 
after three or four minutes' agitation ' the contents of 
the agitator must be allowed to remain quiet for about 
an hour, after which the oil is transferred to shallow 
tanks and allowed to settle for fifteen to eighteen hours, 
at the end of which time it should be perfectly bright 
and ready for the market. 



The Liglithouae Commissioners are exceedingly 
particular in regard to the quality of the oil used ia 
lighthouses, and place restrictions on the properties of 
the oil that necessitate a special fractionation being 
made at the stills. As the flash point must not be 
under 130° R, and, when the oil is subjected to distil- 
lation, a residue of not more than 7 per cent, is allowed 
to remain in the still when the distillation is stopped at 
a temperature 572° F,, it is necessary to cut out all 
light oils and not use any heavy oils that have a boiling 
point of over 590^ F. in the manufacture of this oil. 
Usually the oil is obtained from the third stage light 
oU stills by running them under "feed " for the usual * 
length of time, and then, after filling up the stills to 
the highest gauge cock, the feed is shut off, and wheo 
the worm end specific gravity reaches 792 the distillate ' 
from that point, and until the " bulk " specific gravity 
reaches 814, is run to the lighthouse oil tank. This cut 
gives an oil that has a specific gravity of 814, flast 
point of 145°, and leaves a residue of about 5 per cent 
in the still after the temperature of the vapours has 
reached 590° F. 

A very good burning oil for use on ships, Ac, can 
be obtained from the lubricating oil stills (to be referred 
to), by cutting out the distillate between the specific 
gravities of 825 and 848 ; treating this fraction with 
2 per cent. 170° Tw. acid, and 2 per cent, of 10" Tw. 
soda, and then distilling it off sodaf and cutting out 
the fraction that runs between the worm end specific 
gravities of 825 to 846 to 848. This gives a burning 

• See "Distilling Data." t See " Soda Distillation." 
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oil that is specially safe for marine purposes, as it liaa a 
flash point of 225° F. 

Fourth Stage SfiUs.—T^e second and third stage 
light and heavy residuums are mixed together and 
distilled in a still like Figs. 31 to 33. The distillate 
from the start until the worm end specifie gravity 
reaches 870 constitutes heavy oil and wax, and when 
that specifie gravity is readied the distillation ia 
stopped. The yield from these stills is therefore ; — 

Fourth stage heavy oil and wax (to be referred 
to later). 

Fourth stage residuum. 

Heavy Residuum Stills. — These are similar to Fig. 30, 
and are charged with the mixed residuum from the first 
and fourth stage oil stills, and about 10 lbs. of solid 
caustic sotla per 100 gallons of oil. Steam is used in the 
distillation, and the distillate is fractionated as follows : — 
From the start until the colour begins to get dark 
constitutes heavy oil and wax, from the starting of the 
dark colour until chrysene commences to distil over, goes 
for once-run oil equivalent, and, as the still bottom is 
by that time red-hot, the fire is drawn and the separa- 
itions obtained will be : — 

Residuum stills heavy oil and wax {to be 

referred to later). 
Once-run oil equivalent (pumped to the once- 
run oil tank). 
Chrysene (mixed with coal dust and burnt). 
Soda coke.* 

* See " Soda Recovery.'' 




The mixed heavy oils and wax from the first and 
fourth stage oil stills and the residuum still are mixed 
and cooled* to a temperature of about 80^ F., and then 
pumped into filter presses f untU the pressure reaches 
about 60 lbs. per square incih. The presses are then 
opened and their contents removed and placed in canvas 
sheets and then in a hydraulic press J and subjected to 
a pressure of 550 lbs. per square inch of the cake of 
wax. The wax left in the sheets after being hydraulic 
pressed is known as Hard Crude Scale, and is ready for 
the market as auch. The aqueezings from the filter and 
hydraulic presses are mixed and cooled to about 40° F., 
and then filter pressed and finally hydraulic pressed. 
The wax from these aeeond hydraulic presses is known 
as Intermediate Crude Scale ; the squeezinga are mixed 
with the squeeziugs from the first filter and hydraulic 
pressing. The squeezings from the second filter presses 
are cooled to 30° F., and then again filter pressed, and 
the resulting oil is pumped to the " Pressed Oil" 
storage tank. The wax that is left in the third set of 
filter presses is next hydraulic pressed, and the resulting 
wax constitutes Soft Crude Scale. 

From the pressing of the heavy oils and wax there 
is, therefore, obtained : — 



^^ Pressed 



Hard crude scale 
Intermediate do. 
Soft do. 

oil. 

' PreBsing." t See Figs. 4C, 47, 48. 



(128'' F. melting point) ] To be 
(120° „ „ „ ) I referred 

(112^ „ „ „ ) I to later. 



The pressed oil is next treated with 2 to 2^ per cent. 

148° Tw. acid, and after fifteen to twenty minutes' 
[itation and as many minutes' settling, the tar is 
■awn off and the oil Is then further treated with 2 per 
:nt. of 170° Tw. acid. The second agitation should 
) continued for at least thirty minutes, and then 
lowed to thoroughly settle before being . transferred to 
ic soda agitator, where it receives 1 per cent, of 60° 
w. soda. 

Soda Distillation. 

The treated pressed oil is now distilled in stills 

lar to Fig. 30, into which stilla are placed 17 Iba. 

solid caustic soda per 100 gallons of oil. Steam is 

used iu this distillation, and the distiUatc fi'om the start 

until the worm end specific gravity reaches 860 is 

pumped to the second stage heavy oil storage tank, and 

the rest of the distillate is fractionated so as to give 

■arious grades of lubricating oils. Por instance, if 875 

id 890 specific gi-avity finished oils were required, the 

ictiouation would be made as follows :^ 

From 860 up to 880 specific gravities] 

at worm end . . . .- 875 oil. 



From 880 up to 910 to 912 specific! 
gravities at wonn end . 



= 890 oil. 



The distillation is run to dryness, and after the 
listillate reaches the specific gravity of 912 the colour 
ia very dark, and the small amount that follows is 
mixed with coal dust and burnt. 



i 
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This distillation yields : — 

875 lubricating oil dlatillate. 

890 

Chrysene. 

Soda coke.* 

The 875 and 890 distillates whose actual specific 
gravities are 873 and 880 are now cooled to about 20° F., 
and filter and hydraulic pressed. The squeezinga are 
known as pressed lubricating oU distillates, and the waxes 
resulting from the pressings, which have low melting 
points — 95° to 105'^ — we will call lubricating oil waxes. 

The pressed lubricating oil distillates have low flash 
points, and in order to raise the latter the distillates 
used to be run into a steaming still, and steam under a 
pressure of 35 lbs. was allowed to blow through the 
oils for eighteen to twenty hours. The raising of tBe 
flash point is now usually accomplished by r unnin g 
the oils through stills similar to the Cofi'ey still, used 
for extracting the ammonia from ammonia water, f 

The steamed distillates, after being cooled to about 
70° F., are treated with 3 per cent, and 5 per cent, 
respectively of 170" Tw. acid, and finally with 1 per 
cent, of 2° Tw. caustic soda, and are then allowed to 
settle at a temperature of about 100° F. for four or five 
days in shallow tanks covered by glass roots and known 
as bleachers. The sun passing through the glass roof 
has a decided bleaching efi'ect on the oils, and at the 
end of a week or so the oils are ready fur the market as 
lubricating oils of 875 and 890 specific gravity. 
■ See " Soilft Roeovery." t Seo Fig. 50. 




Naphtha. 

The semi-refined napttha from the " air-eondenser 
iphtha " 13 mixed with the naphtha from the first 
itage oil stills, and then treated with 3 per cent, of 
70° Tw. acid, and finally with ^ per cent, of 64° Tw. 
The treated naphtha is charged into steam 
jacketed stills, and distilled with the aid of open 
steam. From the start (about 690 specific gravity) 
until the specific gravity of the distillate stream reaches 
760, con-stitutes commercial naphtha, but, of course, this 
can be otherwise fractionated to suit requirements. 
When the specific gravity at the worm end reaches 760, 
both the open and jacket steam should be shut off, and 
the residuum left in the still pumped to the once-run oil 
Storage tank. 

Coke- Tmesr Naphtha. 

The purification of this product is effected by first 
giving it a treatment with li to 2 per cent, of 170° 
Tw. acid, followed by i to 1 per cent, of 64° Tw. 
caustic soda. The treated oil is then charged into the 
distUling apparatus shown in Fig. 38, and known as 
the "Gasoline" still. Referring to Fig. 38, A is the 
Btill proper, the contents of which are heated by the 
steam coU B, the vapours generated in A passing up 
through the fractionating column C, and over into the 
oondenser D. Owing to the very volatile nature of the 
distillate, it is of the greatest importance that it should 
not be allowed to come in contact with the air in its 
passage from the still to the storage tank, and, there- 




fore, tlie wonn end E is fitted with the vapour trap F. 
Thia trap is made of cast iron and provided on the top 
with an opening G (to allow of ready access to the 
inside) closed by the cover H and made vapour tight 
by the lute I. The front of the trap is reeeased to 
receive the thick plate of glass J, which is held in its 




place by the iron strips K, and the joint made tight by 
the use of red-lead putty. The object of the glass front 
is to enable the attendant to see the flow of distillate 
and thus judge how the distillation is progressing. 
The distillate runs through the connection L into the 
receiving tank, and this latter tank must have a 
perfectly tight cover, and be fitted with one or more 



water-luted manlioles to allow of the escape of vapours 
in case the latter may be generated by the heat of the 
sun, &c. Such generation of vapour may be greatly 
jninimised by sinking the tank iu the ground, so that 
the latter is just level with the top of the tank. 

Referring again to the fractionating column C. This 
is filled with the caat-iron dishes M, which are con- 
Btrueted with the openings N, the upper side of which 
openings are provided with covers 0, The bottom of 
the covers are provided with the semicircular notches 
P. In placing the dishes in the column it is better to 
place them so that the openings N are at right angles 
to the openinga in the dish below, as at X and Y. 

When the distillation starts, the heavier vapours con- 
dense and fill up the dishes to the height of the raised 
" sides Q of the openings N; and the vapours that follow 
on from the still, in order to escape through the notches 

IP, have to bubble through a depth of one inch of the 
condensed vapours lying in the dishes. In this way 
nothing but the very lightest of the vapours can find 
their way to the condenser worm end ; a very perfect 
separation or fractionation is thus obtained. Years ago 
it was customary to use only ordinary connections be- 
tween the still and condenser, and, consequently, more 
or less heavy vapours passed over with the light ones ; 
when the column was adopted it was found that the 
etill ran a very much longer time before the required 
bulk specifie gravity of the distillate was obtained, and 
that the yield was increased about 10 per cent. 
L The distillate from the gasoline still is run from the 
■rtort until the bulk specific gravity reaches 661 fur 



commercial gasoline, and then the distillate is tarneA' 
into another tank until the bulk specific gravity reachoa 
700, when the distillation is stopped and the residue. 
left in the still should be pumped to the treated once- 
run oil storage tank. The second fraction (that has 
the bulk specific gravity of 700) ought to be put Ijack 
in the still and redistilled, as it will then yield one or 
two per cent, more gasoline, and the rest of the distillate 
will lje fit for the market as refined naphtha. 

The connection R on the still should be provided 
with a side outlet leading to the condenser worm, be- 
cause a bulk specific gravity of 700 ciinnot be reached if 
the vapours have to pass up through the column — the 
steam coil not being designed to supply sufficient heat 
to the vapours fwhen the latter get heavy) — to cany 
them up through the oil-luted dishes M. 

PRESSIKG. 

In order to extract the wax from the oil the mixtore 
is subjected to pressure, but before that can )>e done it 
is necessary that the mixture be first cooled. The 
method adopted for cooling the mixture depends largely 
upon what cold test is desired. 

As the first pressing is usually made at a tempera- 
ture of about 70° to 80° F., the cooling is effected in 
many eases by allowing the heavy oils and wax to stand 
in a large shallow iron tank exposed to the atmosphere 
and stirred every few hours by long handled wooden, 
scrapers. This is an expensive way of doing the work 
as it necessitates the use of considerable manual labour. 

The lower cold test oils (i,e. oils leas rich in wax) 



PRESSING. 



have to be cooled lower than can be done by exposing 
them, ill the summer time, to the atmosphere, and there- 
fore artificial means of cooling have to be reaorted to. 




Figs. 39 and 40. 

iThe first artificial cooler that was used was designed by 
! late James Young, and called by him " The Drum," 
nA is illustrated in Figs. 39 and 40. It consisted of a 

L 2 
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ehallow iron tank A, provided with a water-tight cover 
B, which projected a few inches all round ; cold water 
was admitted near the bottom of the tank in jets C, from 
the circle of pipe D, and overflowed through the pipe E. 
The oil to be cooled was run through the pipe F, and 
allowed to fall in small streams G upon the aurface of 
the cover B, and on the other side of the pipe from 
which the oil was discharged was secured a scraper H. 
The pipe and its scraper were kept slowly revolving in 
the direction indicated by the arrow J, by means of the 
gears I, and as the scraper removed the solidified oil 
from the surface of B, the sti'eams of oil flowing from 
the pipe F distributed a fresh layer of oil, which went 
on cooling until the revolving scraper came round again 
and removed it. The convexity of the scraper (in the 
direction in which the latter travelled) resulted in the 
solidified oil being pushed over the edge of the cover 
B and falling on the brick floor K, whence it was 
shovelled into bags and then pressed. 

When the trade demanded a low cold test oil, 
Young's cooler was found to be incapable of giving the 
desired results, and a cooler constructed on the principle 
of Fig. 41, and known as the "cylinder" cooler, was next 
designed. This cooler consisted of the east-iron cylinder 
A and steel cylinder B, both of which were firmly bolted 
to the cast-iron ends C, which latter were provided with 
stuffing boxes D and fitted with glands. The cylinder 
was mounted on the iron frame E and rotated by 
gears that engaged in the cogs F. The lower part of 
the cylinder dipped into the saucer (G) containing the 
oil to be cooled, and cold brine was kept constantly 
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circulating tlirough the annular space H by means of 
the inlet I and outlet J. 

As the cylinder slowly revolved its outside was 
coated with a thio film of the oil (contained in the 
saucer G), which the cold brine {contained in the annular 
space H) quickly congealed, and by the time it reached 
the knife K it waa cooled down to the temperature of 
the brine, and, being detached by the knife, it dropped 
into a trough, from which it was sucked by a pump and 
discharged into the presses. Although this eyliuder 
required very little attention, cooled the oil to practi- 
cally auy deaired temperature, and was in every way a 
marked improvement over Young's " drum," yet it did 
not give as satisfactory results aa were desired, due 
to the fact that the oil was cooled too suddenly and did 
not have time, therefore, to properly crystallise, and 
consequently did not press easily. 

Henderson patented a cooling apparatus that con- 
sisted of a jacketed iron trough having a U crosa 
section and provided with a shaft that passed through 
its centre from end to end, and to this shaft were 
attached scrapers. The trough being filled with oil, 
and cold brine circulated through the jacket, the shaft 
was set in motion, and the rotating scrapers detached 
the oil that congealed on the cooled surface, and this 
treatment was continued until the whole of the contents 
of the trough had been reduced to the desired tempera- 
ture, when, by opening a valve, the cooled mass could 
be discharged into a press with the aid of a pump. 
Macay and Baxter patented a very similar apparatuSj' 
which was put into use at the Bathgate Works, and 



f resulted in an improvement in the pressing quality of 
the solidified oil. 
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Figs. 42 and la 



Ib 1885 Beilby patented the apparatus shown in 
KgB. 42 and 43, and, without a doubt, it is the beat 
£inn of cooling apparntus that has been ao far designed. 
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It consists essentially of the wedge-shaped cells A and 
B, the former — in which the oil is cooled — being smaller 
at the top, and the latter, or brine cells, larger at the 
top than the bottom. The cells A are filled from the 
charging tank D by raising the plugs C, and the cooling 
medium (water or brine) is circulated through the cells 
B by pumping it in at the bottom through the valves E 
and allowing it to overflow at the top through the con- 
nections F. The oil cells are provided at the bottom 
with the helical screws or conveyors G, which can be 
revolved by the worm-gear H, and the flights nf the 
conveyors have a gradually increased pitch towards the 
outlet I, thus preventing undue crowding of the cooled 
material towards the outlet. 

The oil cells are tilled in rotation, and as each one 
is filled, the cooling medium is allowed to circulate 
through its cells and absorb the heat contained in the 
oiL The cooling operation is continued until the 
temperature of the contents of the oil cell has been 
reduced to the desired point, when the flow of water or 
brine having been stopped, the conveyor of that cell ia 
set in motion and the solidified oil is discharged by it 
through the valve I to the suction of the pump that 
supplies the filter presses. Owing to the shape of the 
oil cell being that of an inverted wedge, it is evident 
that as soon as the conveyor commences to disdiarga 
the material surrounding it, the cake above is deprived' 
of support and therefore slides down on to the conveyor, 
and thus the latter is kept constantly and automatically 
supplied with material uutil the cell is emptied. Besides 
being an economical mechanical device — the machinery 



only being in actual use for a comparatively short 
time — it is also designed with a view to doing the 
work from a correct theoretical point of view. 

It must have been noted that by the use of the 
coolers previously considered, the oil waa either very 
suddenly solidified or kept in constant motion while 
being slowly solidified. In the first case, the oil had 
not sufficient time to develop a definite crystalline 
formation, and, in the second case, the oils were unable 
to develop into large or perfect crystals, owing to the 
constant motion to which it was subjected. In the case 
of Beilby's cooler, the oil is not only cooled slowly, 
but is also allowed to remain at rest until the cooling 
operation is completed and results in the formation 
of large and well-defined crystals, which, after being 
once formed, may be crushed or broken in their passage 
to the presses without affecting the pressing quality of 
the material except, perhaps, to improve rather than 
deteriorate it. 

Before leaving the question of coolers, a few words 
inust be said in regard to an apparatus designed by 
McCutchon, of Young's Company, which was a great 
improvement over the other forms of continuous-motion 
Blow-cooling coolers. It consisted of two cylinders 
A and B (Fig. 44) with an annular space C between 
them. In the inner cylinder was placed a conveyor 
D, that had about an inch clearance all round and was 
provided with the scrapers E, that was constantly 
■pressed against the inner surface of the cylinder by 
-the springs F. The end G was provided with a stuf- 
fing box H through which the conveyor shaft passed 



and t!ie end I was provided with a bearing J for th( 
other end of the shaft, while the centre of the shaft wa 
supported by the beating K. The oil to }ie cooled waa 
pumped through the connection L, and aa it became 
solidified it was removed from the surface of the cvlin- 
der by the scrapers E, and, being carried along hy the 
conveyor B, was finally discharged tlirough the coU' 
nection M. The cooling mecUum passed into the 
annular space through the connection N, and in its 
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passage to the outlet waa made to travel in a spiral 
course formed by the inner projection P of the outside 
cylinder B. 

The construction of this cooler could be improved 
by placing the connection N at the other end of the 
cylinder and doing the same also with the connection 0. 
By making this change, the cooling capacity of the 
cylinder would be increased, and the resulting solidified 
material would be improved for the reason that the 
latter would leave the cylinder at the point where the 
cooling medium was coldest, wliile the inflowing csl 
would first be affected by the somewhat warmed coolinj 
medium, and would thus not be so liable to be too 
suddenly congealed. The cooler as shown in the illus 
tration is capable of reducing the temperature of 7000 



lions of oil from 60° F. down to 30" F. per twenty- 
four hours, and it takes oue and a half hour for the oil 
Co pass from one end of the cooler to the other. 

In the earlier days of the industry, the solidified oil 
was placed in canvas bags and subjected to pressure 
in a vertical screw press. Later, a press worked by 
hydraulic power was built, and consisted of a large 
piston attached to a rod that descended into a perforated 
iron cylinder about 5 feet in diameter by 4 to 5 feet 
deep. A large canvas bag {of the sarae diameter but 
rather longer than the cylinder was deep) being placed 
inside the cylinder and filled with the solidified oil 
and then closed and tied, was subjected to pressure by 
sorciug the piston down into the perforated cylinder, 
dthough a large amount of oil was expressed and 

*eBcaped through the perforations, it was found that 
owing to the great uninterrupted depth of material, the 
resulting wax still contained a large percentage of oil, 
and finally, therefore, the hydraulic presses were built 
OS shown in Fig. 45. The cyHnder A was cast with 
four lugs B, which carried the upright rals or guides C, 
surmounted by the heavy ribljed cast-iron head plate D. 
The ram E was provided at the bottom with a leather 
cup packing F, which latter was held in position by the 
plate G and screws H, and the upper end was surmounted 
by the ribbed cast-iron bottom plate I, whicli latter 
was provided with four lugs J that moved easily up and 

I'down the guides C. The press is filled by taking 
■nvas sheets and placing on them (within given linesj 
I depth of two or tliree inches of the material to be 
FCssed, and then folding them over to the centre from 
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each of the four sides, and when 
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results unsatisfactory, and led to 
The side view of a filter press ii 



thus filled and folded 
they are sandwiched 
between plates made 
of woven bamboo 
and then placed in 
the press. A press- 
full of these alternate 
layers of sheets and 
plates waa subjected 
to a high pressure 
(by pumping oil or 
water in under the 
ram E through tie 
connection K), which 
was maintained for 
a sufficient length 
of time to ensure 
all the oil being es- 
pressed and a dry 
wax being left in 
the sheets. 

The above hy- 
draulic press re- 
quired very careful 
handling, when deal- 
ing with the lower 
cold-test oils, and, 
at the best, the work 
was sloppy and the 

the use of filter presses. 

J shown in Fig. 46, the 



SonstruGtion of a filter press plate is shown (partly in 
lection) in Fig. 47, and a cross section of the plate 
irough X Y is shown in Fig. 48. The plates are 
instructed of cast iron with a bearing face A (Figs. 47 
and 48) on all sides and a coxTugated inner surface B, 
which latter is covered Ijy the perforated wrought-iron 
jlate C, while the whole is covered by the canvas sheet 
0. The centre of the plate is provided with a hole 
into which fits the brass sleeve E. Thts sleeve is pro- 
vided with flanges and is made in two parts which 

liiMatr ^ ' 




screw together, so that after a sheet with a centre hole 
has been placed on each side of the plate, one half of 
the sleeve is passed through the hole in the sheet and 
plate from one side, and the other half from the other 
side, and when these two halves are screwed tightly 
together, their flanges make a tight joint between the 
canvas sheets and perforated plates at that point. The 
hexagon nut portion of the flanges is provided with the 
slots F, and as, when two or more plates are placed 
together as shown in Fig. 48, the sleeves touch each 
other and thus prevent the centre of the plates from 



bending and breaking when under pressure, and at tha 
same time fonn a continuous passage, from one end of 
the press to the other, the slots form means of commii- 
nicatiun between the central passage and the space G. 
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FiOB. 47 and JS. 

When a press is " made up " as in Fig, 46, all the plates 
A' and cloths are squeezed tightly together by the 
screw B' with the aid of the handled wheel C. The 
cooled oil is pumped into the press through the connec- 
tion H. and passing through the continuous passage 



brmecl by the sleeves F, fills up all the spaces G, and, 
e the pressure rises, the oil filters through the cloths 
X and passing through the perforated plate C, runs 
lown the corrugations B aod out through I, while the 
rax remains behind and fills the space G. 

The perforated iron plate in the filter presses is 
Jesigned to take the place of the bamboo plate of the 
hydraulic presses, but in reality there is a great difference 
in the utility of the two plates. In pressing a mixture 
of a liquid and solid, the liquid leaves the solid at right 
angles to the pressure, and, therefore, as the pressure 
1 a cake of wax in a filter press is exerted through the 
rfots F, it is evident that the oil will leave the cake in 
the direction of the perforated plate, but in the case of 
the hydraulic press, the bamlioo plates are parallel with 
the pressure, and consequently no oil filters through to 
them (except at the very start) as it leaves the cakes of 
■wax at the edges — which are the points at right angle to 
the pressure. When the oil is expressed from the wax, 
■it passes away between the crystals and not through them, 
and as, by examining a cake of wax as it is taken from 
the hydraulic press, it will be seen that the crystals or 
scales lie parallel with the pressure (i.e. lengthways with 
the cake), it is proof that this assertion is correct, and 
also, that solid plates would give as good results in a 
hydraulic press as bamboo or slatted ones. In the case 
of the filter presses, the crystals or scales lie crossways 
I of the cake, and again, therefore, parallel with the 
B pressure, and consequently, perforated plates arc neces- 
K Bary ut the sides of the cake, in order to give the oil a 




Wax Refining. 

In the early days, the refining of crude scale was 
partly accomplished by breaking the scale up fine and 
then placing it in perforated tin cans and washing it 
with successive quantities of naphtha. In this way a 
large portion of the oily colouring matter was removed, 
but as the demands of the trade beejime more exacting, 
other and more efficacious methods had to be adopted. 

Most of the refiners adopted an acid and soda treat- 
ment for starting the refining process, and treated the 
melted crude scale (at a temperature of about 15 to 20 
degrees F. above its melting point) with 1^ to 2 per 
cent, of 148° Tw. acid, and afterwards with g^ lbs. of 
cari>onatc of soda (in the form of a 4° Tw. solution) to 
every 100 gallons of was. The clear settled wax then 
received 25 to 30 per cent, of squeezings from the 
second naphtha treatment (see below), and was run into 
galvanised iron pans and allowed to cool — forming cakes 
about 24 inches long, 12 inches broad and 3 inches 
thick. The pans with their solidified contents were 
turned upside down on pieces of sacking, in which the 
cakes were then separately wrapped and then placed in 
a horizontal hydraulic press enclosed in woodwork and 
kept at a temperature of about 100° to 130° F. (accord- 
ing to the required melting point of the resulting wax). 
After being pressed for about two hours, the was left in 
the sacking was thrown into a tank, melted and mixed 
with 12 to 15 per cent, of 755 specific gravity naphtha, 
and then run into pans and cooled. The cool cakes were 
hot-pres.sed, and the resulting wax was tlien steamed 
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with open steam for eighteen to twenty hours, and 
after settling for a few hours the wax was pumped to 
the char * treating tank and mechanically agitated at a 
temperature of 240° F., with 2 per cent, of char. The 
ehar-treated wax having been settled for ten to fifteen 
hours, was next run through large sheets of filter paper 
(placed inside a perforated tin cylinder) in order to 
remove any char that had not settled out, and finally it 
was cast into cakes, cooled, packed and was then ready 
for the market under the name of twice-washed or 
semi-refined wax. 

The squeezings from the first pressing were run into 
a still, and, the naphtha having been steamed off with 
open steam, the residue was converted into a cheap 
grade of wax by giving it a hot hydraulic pressing, 
and put on the market under the name of Recovered 
Wax. 

The squeezings from the second naphtha pressing 
were used for the first naphtha treatment, as stated 
above. 

With the introduction of caustic soda into the 
residuum stills, the colour of the crude wax was so 

1 improved that the acid and soda treatment was no 
longer necessary, and the wax was refined by being 
mixed with 55 to 56 per cent, of No. 2 squeezings {see 
below), cast into cakes and then hot hydraulic pressed 
under a pressure of about 30 lbs. on the square inch of 
the cake. The expressed oil was steamed in order to 
recover the naphtha, and the wax left in the still was 
either pumped amongst the crude wax or, aftec 
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ment with J per cent, of 148° Tw. acid, was packedl 
into boxes and sold to the manufacturers of iuferiw 
and cheap candles. 

The wax left in the hydraulic press was thrown into 
a tank and melted and then converted into semi-refined 
or, refined, wax by the following further treotmenta 

Semi-Refimd Wax. 

If this grade was required, the above melted wax 
was steamed for fifty-five to sixty hours, with 20 lbs. 
pressure steam, and was then treated with 0'5 to 0*6 
per cent, by weight of char, filtered, cast into cakes, 
packed, and was then ready for the market. 

Refined Woj:. 

In making this grade, the once-pressed melted wai 
was mixed with 60 per cent, of No. 3 squeezing (see 
below) cooled, hot pressed, thrown into a tank and 
melted, and was then known as twice pressed wax. 
The squeezings from this second pressing (= Na 2 
squeezings) were used for the first naphtha treatment 

The twice-pressed was then received its final treat- 
ment with 35 to 40 per cent, of fresh 755 specific 
gravity naphtha, and, after being cooled, pressed, Ac, 
was treated with 0*6 to • 7 per cent, char, panned and 
packed, was ready for the refined wax market. 

The squeezings from this last pressing (= No. 3 
squeezings) were used for the second naphtha treat- 
ment, 
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Siceating Process, 

Owing to the great liability of explosions and fire 
resulting from the uae of volatile naphtha in refining 
was, and to the great cost due to the enormous loss of 
naphtha by evaporation, extensive experiments were 
made some twelve years ago to determine the practica- 
bility of refining wax by means of heat only. In the 
fii-st experiments, an iron structure about 12 feet long, 
4 feet wide and 6 feet high was constructed and fitted 
with sloping iron shelves about 9 inches apart, and the 
whole was heated by means of a steam coil placed on 
the floor of the structure. The iron shelves were 
covered with coarse cocoa-nut matting and the crude 
wax feast into suitable sized cakes) liaving been laid on 
this and the doors being tightly closed, a little steam was 
turned on the coil. In a few hours, the oil commenced 
to sweat out of the wax, and then the temperature was 
gradually increased until finally the desired colour of 
wax was obtained, and then steam was shut ofi^ and the 
floors thrown open. The wax that remained on the 
matting was removed by hand, melted in a tank and 
then treated with char, and was ready for the market. 

The experiments, as far as they went, were emijiently 
successful, but, there was an opening for decidedly 
redacing the working costs of this process, and Norman 
Henderson quickly availed himself of the opportunity 
and invented and patented an apparatus that reduced 
the cost to such a low figure, that it will probably be 
many years before any cheaper method of refining wax 
is discovered. Henderson's patented apparatus consists 
u_2 



of a substantial brick building or " oven " 52 feet long, 
13 feet wide and 12 feet high, in which is erected an 
iron framework eompoaed of cast-iron uprights held 
together by iron piping, the latter acting also as heating 
coils. On these coils are placed iron trays 21 feet lon^ 
6^ feet wide and 5j inches deep, and 1^ inch above 
the bottom of each of the trays is secured (on piping or 
rods resting on angle iron that is riveted to the inaide 
of the tray) a diaphram made of 2o-me3h brass wire 
gauze. All the trays — which number nine in height 
and two in length, making a total of eighteen — are 
fitted with adjustable side outlets at the bottom of one 
of the sides and midway between the two ends. 

In order to charge the apparatus, water ia first ran 
into the trays, the outlets of which are raised so that 
the water just covers the diaphragm before it overflows 
through the outlet ; then the trays are filled (to withia 
an inch of the top) with melted wax, which latter i« 
cooled by water that is kept constantly flowing in 
under the diaphragm, and by the air that circnlatea 
throughout the building. "When the wax has heeu 
cooled to the desired point the water is shut off, the 
tray outlets lowered so as to drain the pans, and after 
the doors of the building have all been closed up tight, 
steam is admitted to the coils and the sweating process 
is thus started. The temperature to which the oven la 
heated depends upon the melting point of the wax under 
treatment and tlie required melting points of the resultiug 
wax. A refined wax made by this process cannot be dis- 
tinguished from a naphtha refined wax, but of course a 
sweated wax must be finished with a char treatment. 
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It was many years before the peculiar smell of a 
non-char treated wax could be removed and the preaent- 
day bluish -whiteness could be obtained. When wax 
was first refined, it waa treated with either animal 
charcoal or fullers' earth, but the results were uncertain 
and, at the beat, unsatisfactory. 

In 1864, John J, Lundy, who was a large chemi- 
cal manufacturer, of Leith, near Edinburgh, called the 
attention of Andrew Taylor, F.C.S. (owner of a small 
oil work at Uphall) to a by-product of the manufacture 
of "prussiate of potash," and suggested its possible uBe 
as a decolorising and deodorising agent for wax, 
Experiments proved that this prussiate of potash char 
(lid the work so perfectly and gave such superior results 
over anything that has so far been tried that Taylor 
immediately adoped its use, and until the secret of his 
success was discovered his waxes brought the highest 
prices of any in the market. Since this cJiar became 
generally used for the final wax treatment nothing 
to be compared with it has so far been discovered, 
and it bids fair to hold its own fur many years to 
(come. 

Having now followed the oil and gaaeous products 
f of the distillation of shale from start to finish, the 
I various distillations and processes through which the 
oily products afterwaixls passed may be somewhat easier 
memorised or followed by studying Diagram II. Of 
..course it must not be supposed that all the companies 
fftdopt exactly the same methods of distillation, fraction- 
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ation and treatment above described, as each company 
has its own fsuls^ which finally result in finished products 

DIAGRAM 3. 
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that are neither better nor worse than can be obtained 
by the above modus operandi. 

Diagram III. has been prepared for the purpose 
of showing at a glance the relative yields of various 
products from shale. 



CHAPTER V. 

AMMONIA WATER. 

It was many years after the Scotch Mineral Oil Industry 
had been started before the value of the water from the 
coal or shale retorts was discovered. The water waa 
looked upon as a necessary nuisance, and was run into 
the sewers that discharged into the small rivers or 
"bums," that ran past the various works, but in 18G5 
its value was discovered by accident by Robert Bell, of 
Broxburn, who kindly sent the author the following 
information : — 

He (Mr. Bell), like the other oil-work owners, had 
been disposing of his retort water by running it into a 
flmall stream, and the latter became so polluted that 
the water was rendered undriukable, and the trout and 
other fish were nearly all killed. The Rivers Pollution 
Commissioners were soon on Bell's track, and when the 
latter found himself entangled in an expensive litiga- 
tion, he immediately stopped running the water into 
the stream and turned it into a field instead. Shortly 
after making this change, he noticed the ground over 
which the water ran was wonderfully productive, and 
.that the grass grew apace. After turning this matter 
over in his mind he concluded that the water must have 
«»uie properties that had so fur nol been credited lo it. 
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and he at once set about experimenting with it, wliiii 
experiments resulted in his starting the mannfecrare 
of sulphate of ammonia as a by-product of the distills- 
tion of shale, and this product was first placed on the 
market by Bell in May 1865. 

Use and Imturities of Sulphate of Ammonu. 

The sulphate of ammonia manufactured hy tie 
Shale Oil Companies in general is by no means a (urn 
article, although some makes are considerably pum 
than others. 

The principal impurities met with in these ocm- 
mercial sulphates are : iron, arsenic and more or lea 
oily bases, but the presence and quantities of tliiae 
impurities depend largely on the kind of sulphuric add 
used in the manufacture. One of the companies used* 
"sulphur" acid,* and as that does not contain either 
iron or arsenic, the sulphate of ammonia resulting from 
its use was consequently free from both those impuritia 
Other companies used " pjTites " acid.f and as tliat 
contains large quantities of both iron and arsenic, thoai 
impurities entered more or less into the composition of 
the sulphate made from that acid. Again, some of the 
companies used Recovered % Acid in the sulphate (rf 
ammonia manufacture, and in that ease the sulphate 
impregnated with more or less oily bases, and, if Uie 
original acid were a pyrites acid, iron and arsenic wew 
also present 

* That IB, Bulphnric acid made from BnlpUnr or brimetone. 

L t That IB, Bulphorio ocii] made from iron or ooppor pyrites. 

' } SoQ ■' Eocovured Acid." 
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Considering that eoramereial sulphate of ammonia 
is principally used as a fertiliser, and that, largely on 
the sugar plantation of the West Indies, it is evident 
that the presence of the three impurities above named 
is not detrimental, and no one with common sense 
ought to take objection to either the smell or colour of 
sulphate of ammonia that is to be used as a fertiliser, 
and so long aa it contains the guaranteed percentage 
of ammonia they should be content, because it ia the 
ammonia that does the work, and the presence of the 
al>ove impurities will not detract from the good results 
in any way. However, the various companies in trying 
to oust each other's product by expatiating on the 
superior colour and therefore purity of one make over 
another, has led the consumers to believe that a light- 
coloured sulphate is a better fertiliser than a dark- 
coloured one, and, consequently, it is necessary nowadays 
to manufacture as light coloured a product as possible 
in order to find a suitable market for it. 



SiTLPHATE OF AmMOHIA MANUFACTURE. 

The general arrangement of the apparatus used in 
the manufacture of sulphate of ammonia is shown in 
Fig. 49, in which A is the still, B the acid, and C the 
alkaline " cracker boxes," D the settling tank, and E 
the evaporating box in the " ammonia house " F. The 
vapours from the stills pass into the main G, which 
supplies the cracker boxes through the connections H, 
and the speut water runs off through the connection I. 
As a large volume of sulphuretted hydrogen, carbonic 



acid gas and steam result from the operation, and as 
this mixture would seriously pollute the atmosphere if 
allowed to escape, the cracker boxes are fitted with 
tight covers and provided with the outlets J that con- 
nect into the main K that conducts the vapours away 
to be disposed of in the way to be presently explained. 
When a cracker box is ready to be emptied, the damper 
L is closed so as to prevent the vapours from the other 
boxes backing up into it. All the stiUa should be 
provided with valves M, that enable a still to be shut 
off from the rest when repairs, &c., are needed. 

Before explaining the working details, it will be wise 
to first examine the details of the construction of the 
apparatus so that the details of the manufacture may 
be more easily understood and followed. 



P Ammonia Still. 

The method that was first adopted for extracting 
the ammonia from the water was to boil the latter in 
horizontal boilers and conduct the vapours through a 
main to the cracker boxes ; but this methoil resulted in 
a considerable loss of ammonia, and was, generally, an 
expensive way of working. The loss of ammonia was 
due to the inability to drive off sufficient of the ammonia 
contained in the water, and as the spent water left in 
the boiler often contained as much as an equivalent of 
100 grains of sulphate of ammonia per gallon when 
blown otr into the sewer, it will be seen that the loss 
„ was considerable. 

About the year 1882, Bcilby patented the ammonia 




still shown partly in section in Fig. 50, and although ' 
general construction is not particularly original — being 
patterned after Coffey's still — it has one or two pointB 
that make it particularly well adapted for the purpose 
for which it is intended. The main body A of the 
still was composed of two castings securely bolted 
together, and on the upper end was bolted the feed and 
outlet connection B, and to the bottom, the prcssnre 
leg C. The object of the leg was to enable a sufficient 
depth of water being maintained in the still to over- 
come the internal pressure without trapping or luting 
the openings in the plates or otherwise interfering with 
the working of the still. The space from the under aide 
of the casting B to the top of the casting C was filled 
with the cast-iron plates D, E, F and G. The plate D 
was constructed for the purpose of supporting the plate 
next above it at a suitable height from the casting C, 
and its construction is shown in plan in Fig. D'. The 
plat-es E and F were respectively concave and conTei 
upwards, and by looking at the plans E' and F" it will 
be seen that the passages in the former were placed 
near the periphery, while the passages of the latter were 
central. As these plates were placed alternately in the 
space above D it is plain that the descending water 
and ascending steam had to travel in a zigzag courae, 
and the steam, which was admitted through the com- 
nection H was thus brought into intimate contact with 
the descending ammonia water that entered at the top 
through the connection I. The reason for designing 
the plate G with the cup J on the top was to ensue 
■■n even distribution of the inflowing water over il 




AMMONIA STILL. 



175 






JJ 





L=fc;^ 






J. f 



FiQ. 50. 



The action of the still was continuous ; the ammonia 
water entering at the top was deprived of the greawr 
portion of its ammonia before it overflowed through the 
outlet I (Fig. 49), by the action of the 20-lb. pressure 
steam that entered at H; and passed upwards and 
out through the connection K, carrying the ammonin 
vapom-3 with it. 

Cracker Boxes. 

Tlie cracker boxes are the vessels in which the 
action between the ammoniacal steam and the sulphuric 
acid takes place, and they are called " cracker " boxes 
on account of the cracking noise that results from the 
steam blowing in amongst the comparatively cold 
contents of the boxes. 

These boxes or tanks (A, Figs. 51 and 52) should 
be made of J to -,^ inch iron, and be cylindrical in 
form. The inside must be lined with 10-lb. lead and 
the top should be provided with the wooden cover B 
having the sliding door C and the opening for the 
connection D. 

As ammonia quickly destroys brass and other copper 
alloys, and as iron would bo as quickly destroyed by 
the weak sulphuric acid, it is evident that the valves E 
need to be specially constructed. The usual method of 
constructing these valves is to cast the main part or 
body E' in lead and fasten to it the two iron luga F 
which hold the cross bar G with its .screw H in place. 
The end of the screw H is enlarged, so as to fit the 
space between the iron disc I and the two half-rings J. 
To the centre of the iron disc I is riveted a disc of 
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rubber K, and the latter is riveted around its edge to 
the projecting flange L of the body E', but two or 
three inehea of the bottom edge of the rubber are left 
unriveted, so that when the disc I is drawn outwards 
by the screw H, the contents of the cracker box 
out through tlie opening formed between the unriveted 
portion of the rubber and the body of the valve. Whea 
the iron disc is forced inwards by the screw, it forms t 
tight joint by pressing the rubber against the flanged 
body of the valve. 

The ammoniacal steam is distributed in the cracker 
box by means of the perforated lead pipe M. 

The cracker box is represented in Fig. 52 as having 
a fiat bottom, but it is necessary in the case of the acid, 
and preferable in the ease of the alkaline boxes to have 
the bottom somewhat dished and fitted in the centre 
witli a connection closed by a lead plug actuated by a 
rod passing up through the cover. That construction 
allows of the boxes being periodically and thoroughly 
cleaned at a small cost for labour. 



Settling Tanks. 

The settling tanks should be constructed of the 
same weight material as the cracker boxes, have 
dished bottoms, be lined with lead, but need not be 
provided with covers, although it is better to have the 
latter, as they keep our dust and dirt. 



k 




Evaporating Boxes. 



These may be conveniently and cheaply constructed 
of wood lined with 10-lb. lead. The best sizes for 
these boxes is about 12 feet long, 4^ feet wide by 
I J feet deep. The inside must be provided with a 
2-inch lead coil of about six horizontally parallel 
strands of pipe along each of the aides and ends, and so 
placed as to leave a clear space of 9 feet in length by 
Ij foot in breadth in the centre of the box. Also, the 
coil should be supported about 3 or 4 inches above the 
bottom of the box. 



W Working Details. 

Supposing the apparatus to be in working order, and 
two acid cracker boxes having been charged half full 
with acid, the steam is turned on the stills and the 
ammonia water feed started. The volume of steam is 
so regulated that the pressure in the still is not quite 
sufficient to cause the steam to blow out tlirough the 
overflow I (Fig. 49), and the feed is so regulated that 
the " spent " water flowing from I does not contain more 
than a certain amount (the actual amount will be referred 
to later) of ammonia. 

The ammoniaeal steam from the stills is now allowed 
to enter one of the cracker boxes (by opening the cock 
on the connection H, Fig. 49), and the absorption of the 
ammonia by the acid is allowed to continue i'or three 
hours, at the end of which time tlie supply of ammonia- 
I cal steam to that box is shut ofi" and opened to the other 
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box- The contents of the first box are now allowed to 
settle for two and a half to three hours, and are tiiefl 
transferred to an alkaline box (B, Fig. 49) by means cf 
a light trough that can be placed under the valve N W 
reach across to the opening in the cover of B. As ana 
as the transfer is completed, the second acid box will 
have received sufficient ammonia, and its supply ■ 
therefore shut off and the ammoniacal steam allowed n 
enter B and blow through the contents for about qm 
hour after the smell of ammonia first becomes apparaii. 
About three hours' steaming are necessary in the alkaliw 
box to ensure thorough saturation, and, consequently, If 
the time the contents of this box are saturated, tb 
contents of the second acid box have been transferred » 
a second alkaline box and are ready to receive tk 
ammoniacal steam as soon as it is shut off from the finl 
alkaline box. 

While the alkaline boxes are being steamed, the acM 
boxes are being recharged with add, and so the openr 
tion goes on from one week's end to another. 

As soon as the saturation of the contents of tbe 
alkaline box is completed, the valve is at once opened 
and the contents are run to the settling tanks D, wteie 
they are allowed to settle for six or eight hours, and if, 
at the end of that time, the liquor is free from any 
sediment it is charged into the evaporating or cry9*^- 
lising boxes E. 

After the evaporating box has been filled to wt^ 

3 or 4 inches of the top, steam is turned into the oofl 

L and the liquor is boiled down to about one-third of its 

fcoriginal volume, and about nine to ten hoi 
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required in order to effect this reduction. The steam 
. is now shut off and the sulphate of ammonia crystals 
I that lie in a thick layer on the coils and in the space 
between the coils are removed by means of long, broad 
wooden shovels and placed on sloping tables to drain. 
After all the crystals have been "fished" out, some 
3 or 4 inches of mother liquor will be left in the box 
and mixes with the fresh liquor from the settling tanks 
, -when the box is refilled. 

The crystals should be allowed to remain on the 
I draining tables for five or sis hours and then be trans- 
' ferred to the drying room, which latter must be heated 
by a steam coO or other means to a temperature of 100° to 
120° F. After four or five days' exposure in the drying 
room {during which time the mass of crystals must 
be frequently separated and turned) the sulphate of 
ammonia should be quite dry and, after all lumps have 
been broken, ready for packing into bags and delivery 
in the market. 

The latter part of the process could be greatly 

cheapened by placing the crystals as they are taken 

from the evaporating box into a centrifugal dryer 

fitted with a bottom emptying arrangement like those 

used in sugar refining, and the contents of the centri- 

ftigal dryer could then be emptied into a hopper that 

. -would feed a revolving cylinder. The cylinder should 

be about 12 feet long and 3 feet in diameter and 

. provided on the inside with a snugly fitting spiral 

L Bteam coil, the strands of which should be about 3 

L inches apart ; one end of the cylinder should be about 

I "S inches lower than the other. The slanting position 
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of the cylinder, together with ita rotary motion, will 
cause the sulphate of ammonia entering it through the 
hopper at the high end to travel slowly towards the 
lower end, and by the time the lower end is reached the 
sulphate will not only be perfectly dry, but will also le 
free from lumps due to the tumbling it would be subjected 
to in the cylinder. To complete the arrangement, the 
lower end of the cylinder should be placed over a hopper, 
from which latter the bags could be filled quicker and 
l)y one-third of the labour employed to do that work at 
the present time. 

With a properly designed drying plant one man for 
each shift (day and nightj could easily attend to tiie 
cryatallisation, drying and packing of all the sulphate 
of ammonia turned out at any one of the Scotch works, 
and, if such an apparatus as above described were pat 
into use it would pay for itself in a very few months. 

As the valves on the acid cracker boxes are situated 
about 4 to 6 inches above the bottom, that depth would 
of course become filled with the settled precipitates if 
the boxes were not periodically cleaned by raising the 
plug that closes the hole in the centre of the dished 
bottom and washing the settlings or " mud " down into 
another cracker box kept for the purpose. After suffi- 
cient cracker boxes have been washed out to fill the 
"mud" cracker box the ammoniacal steam is turned 
into the latter, the resulting liquor is settled and as 
much of it as possible is run to the settling tanks. 
What is left in the box should then be washed with its 
own volume of water, steamed and settled ; and the 
lear solution having been run to the settling tanks, the 
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residue left in the box can be removed and thrown 
away. 

The settlings from the settling tanks should be 
treated in the same way as the settlings from the acid 
cracker boxes. 

After the evaporating boxes have been running for 
a week or so, the mother liquor will become decidedly 
acid and the crystals of sulphate of ammonia will then 
be exceedingly amall and hard to dry. Therefore the 
acid mother liquor should either be transferred to an 
alkaline cracker box and steamed, or else allowed to 
remain in the evaporating box, and be rendered alkaline 
by the addition of a fairly strong solution of aqueous 



Chemistry of Sulphate of Ammonia Manufacture, 

The chemical action that takes place in the cracker 
boxes depends, to a certain extent, on the kind of acid 
used. 

" Sulphur " Acid. 

If this acid is used there will be no need of settling 
! tanks, and only one cracker box will be required, as the 
wid does not contain irou and arsenical impurities, and 
herefore there will be no precipitates to settle out. 



Recovered " Sulphur " Acid. 

In the event of this acid being used, a separation of 
I oily buses will take place when the acid has become 
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thorougUy neutralised by the ammoniacal steam, and, 
consequcDtly, it will be necessary to allow the contents 
of the cracker box to settle for one and a half to two 
hours before drawing it off ; and to provide a connectioa 
into which the bases can be run after the liquor has 
been drawn oflf. 

Pyrites Acid. 

This acid, as we have already seen, contains iron 

and arsenic in solution. 

All ammonia water from the retorts contains more 
or less sulphur in the form of sulphide of ammonia and 
sulphuretted hydrogen, and when the ammoniacal steam 
is turned into the acid cracker boxes a considerable 
volume of sulphuretted hydrogen is consequently 
evolved. 

Sulphuretted hydrogen precipitates arsenic from an 
acid solution. 

Precipitated sulphide of arsenic is re-dissolved by an 
alkaline solution- 
Sulphuretted hydrogen precipitates iron from an 
alkaline solution. 

From the above it must be evident that when u 
pyrites acid is used it is absolutely necessary to use 
both an acid and alkaline cracker bos, if both of the 
acid's impurities are to be extracted. It is also evident 
that the arsenic is precipitated, by the sulphuretted hy- 
drogen, in the acid cracker box, and thus necessitates 
the contents of the latter being settled for three hours 
before being transferred to the alkaline box, in which 
latter any arsenical precipitate would be re-disaolved. 
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We have seen that iron is only precipated, by sul- 
phui-etted hydrogen, firom an alkaline solution ; therefore 
if the ammonical steam were shut off from the alkaline 
box as soon as alkalinity was reached it is quite plain 
that little or no iron would be precipitated, and that, 
consequently, it is necessary to continue the process for 
an hour or so longer, in order to allow the sulphuretted 
hydrogen to precipitate the iron. As the sulphiile of 
iron precipitate takes longer to settle than the arsenical 
precipitate does it should not he settled out in the 
alkaline boxes, as such procedure would necessitate 
increasing the number of those boxes, and an increased 
expenditure as compared with providing the cheaply 
made settling tanks. 

liecovered Pyritea Acid. 

This contains oUy bases as well as the iron and 
arsenical impurities. Furthermore, the iron which was 
present in the original acid as ferrous sulphat-e has 
(during the passage of the acid through the refining and 
■recovery processes) become oxidised and converted into 
ferric sulphate. 

Sulphuretted hydrogen reduces ferric sulphate to 
ferrous sulphate. 

Sulphuretted hydrogen will not commence to preci- 
Iptate iron until the latter is in the ferrous state. 

It is plain, therefore, that when recovered acid is 
used, the aramoniacal steam must be passed through 
the alkaline boxes for a longer period after saturation 
Q in the case of the original pyrites acid, or, other- 
the whole of the iron will nut be reduced or 



completely converted into sulphide, and in that case 
the liquoiir will not settle properly. 

From the foregoing it will have been noticed that 
besides noxious gases and steam being carried off 
through the connections J and K (Fig. 49), a large 
escape of ammonia in the same direction must also take 
place (from the alkaline boxes), and if these gases, &c, 
were passed in under furnaces and burnt, it must result 
in a large loss of ammonia. In order to prevent that 
loss it is evident that the vapours from the cracker 
boxes should be led back to, and forced into, the retorts, 
either by the use of a steam injector or other suitable 
apparatus. 

If arsenic is present in the liquor that is evaporated 
to crystallisation, it will give the sulphate an objec- 
tionable yellowish colour. If iron is present it will 
give a reddish-brown colour. More or less bases are 
always present in the crystallised sulphate if recovered 
acid is used, and invariably gives the sulphate a pecu- 
liar disagreeable odour, besides a reddish colour, which 
latter becomes more pronounced the longer the sulphate 
is kept and exposed to the air. 

Two gallons of ammonia water contain enough 

sulphur to precipitate the whole of the arsenic and iron 

contained in one gallon of 63^° Tw. recovered acid, and 

as one gallon of the latter will neutralise about 120 

gallons of ammonia water (containing the equivalent of 

fc 500 grains of sulphate of ammonia per gallon), we see 

H that the ammonia water contains about sixty times 

^L as much sulphur as is necessary to precipitate all the 

H arsenic and iron, and therefore there is no excuse for 
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having any of these impurities in the crystallised 
sulphate. 

The vapours leaving the acid cracker boxes contain, 
on an average, 3 • 8 to 5 • 7 per cent, by volume of 
sulphuretted hydrogen ; while those from the alkaline 
boxes contain " 1 to ■ 7 per cent. 

The reduction in gravity from 63° or 70° (for the 
ncid) to 44° (for the saturated liquor) is due partly to 
Bthe absorption of the ammonia gas and partly to the 
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fact that the volume of the acid is increased about 20 per 
cent by the steam that condenses in the cracker boxes. 
The oily bases separated in the alkaline boxes should 
be run to a storage tank for liquid fuel. If properly 
burnt, a ton of oily bases is equal to fully three tons of 
coal. In order to get the best results, it is necessary 
that the bases should be injected into the furnace, and 
two very suitable forms of injectors for this purpose are 
shown in Figs. 53 and 54, which are designed for work- 
ing with 20 to 30-lb. pressure steam, 



The strength of acid used in this manufacture is of 
importance. If too weak, it entails a large expense for 
steam in order to effect the evaporation and cryatailisa- 
tion, and if too strong, the sulphate will crystallise out 
in the settling tanks and cause trouble. 

Experience has shown that 44° Tw. is the most 
suitable strength for the sulphate of ammonia liquor 
that is run to the settling tanks. This gravity can be 
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easily maintained, by carefully watching and regulating 
the gravity of the acid charged into the acid cracier 
boxes. If recovered acid is used, the strength should 
be 63° Tw.— if original pyrites acid is used, the strength 

i should be 70° Tw. — which is equivalent to 63° Tw. in 

I recovered acid, as the lighter gravity of the latter is due 

^^ to the presence of the oily bases. 

^^^ The strength of the ammonia water received from 




the retort department 13 liable to large variationa The 

quantity of steam used in the retorta of course regulatea 

the strength of the resulting ammonia water to a large 

extent, but if the quantity of steam used is the same in 

alt cases, then the strength of the ammonia water will 

vary aiicording to the seam of shale or form of retort 

used. As some seams of shale yield twice or three 

times as much ammonia as others, the water from some 

is correspondingly stronger than that from others. As 

the Young and Beilby retorts yield from three to six 

times more ammonia than the Henderson retorts do 

(from the same shale), the Young and Beilby ammonia 

1 water Is consequently three to six times stronger than 

Ithe Henderson. On an average, the strength of am- 

Imouia waters may be said to be 550 grains of sulphate 

I of ammonia per gallon from the Henderson retorta and 

12000 grains per gallon from the Young and Beilby 

I retorts. 

As regards the spent water overflowing from the 
ammonia stills, we have seen that in the case of the old 
form of "boUer " still, the blow-off water contained as 
much as an equivalent of 100 grains per gallon, but in 
the case of the Beilby still, the figures usually vary 
between 18*5 and 35'0 grains per gallon, and if the 
atillfl are carefully and properly watched there is no 
I reason why the figures should exceed 25 grains. 

One of Beilby 's ammonia stills of the size shown in 

Fig. 50 will distil 7470 gallons of ammonia water per 

twenty-four hours, and will require about 360 gallons of 

water in the form of 20-lb. pressure steam. 

[ On an average, a sulphate of ammonia plant uses 



about 1800 gallons of water in the form of 20-lb. pres- 
sure steam per still per twenty-four hoars. This includes 
the steam used for all purposes, such as stills, evapo- 
rators, drying coils, engines, &c. 

Dry sulphate of ammonia after being sifted through 
a ^-inch mesh sieve weighs 53j lbs. per cubic foot if the 
measure is shaken while being filled, or 48 lbs. if the 
measure is filled without shaking. 

Methods of determining the strength of ammonia 
water and crystallised sulphate of ammonia are fully 
described under the heading " Laboratory." 



} 



CHAPTER VI. 
DISTILLING DATA. 

, life of the various stills depends greatly upon 
ihe treatment they receive at the hands of the stillmen, 
ihe quality of the oil distilled in them and the quality 
)of the iron nsed in their construction. 

If the stUlman opens the furnace door and draws the 

amper leading to the chimney too soon after the distil- 

'latiun in a coking (= crude, heavy residuum and soda) 

Btill is finished, the current of cold air passing around 

the still is very liable to crack the heavy cast-iron 

ottoni, and, therefore, before this means of cooling is 

lorted to, the red heat (of the coke left in the still) 

ihould be first reduced by blowing steam into the still 

for four or five hours. These stills usually start to 

■ crack after about the 100th to 150th distillation, and as 

these cracks are usually small or short, they can be 

easily and effectually repaired by placing a patch of 

wrought iron over them and securing the patch by 

bolts that are screwed into holes that are first drilled 

and tapped into the cast iron. The joint between the 

cast iron and the patch should be made tight by the 

use of a mixture of black oxide of manganese and oil. 

Table XX- gives the life of the coking stills, or num- 
wr of months they are in use until their condition becomes 
) bad that ihey have to be replaced by now ones. 




] 



NameofStm. 


Avenge Namber 

of UonlhB in 

Uia. 


Average Numbm 


Crude oil .... 
Hoftvy residunm . 

Soda 


51 
31 

52 


400 
310 
430 



Befure the uae of steam in the stills, the life 
very much sliorter owing to the larger amount of cofco 
left in the stili and consequent higher heat necessary 
to "dry off" the still. The reason why the heavy 
residuum have a shorter life, and the soda a longer life 
than the crude oil stills, is because the first deposit more 
and the second less coke than the latter stills do. 

The amount of coke formed in the stills is shown in 
Table XXL, and the weight given for the soda stills is 
minus the weight of the caustic soda placed in the stilJ. 

Tabl« SXI. 



L 





Name of Still. 


CoudJtian of DirtiUation. 


Crude Oil. Heavy BeBidanm. j Sod*. 




Lbs. of Coke per 1000 Galloiui Cbftrged. 


Without steam 

Steam after nax begKii to) 
Bhow in distillate . .| 

Steam throughout diBtilIa-1 
tion . . , .j 


54-81 
51-18 

37-33 


„ 
45-00 


15-30 
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The life of the light oil stills is many years, and they 

practically never need to be wholly replaced, as they are 

not subjected to any very excessive heat, and, if properly 

looked after, an occasional patch on the bottom or a new 

T>ottom once in a great while is all that is really neces- 



The quantity of steam used in the various distil- 
lations is shown in Table XXII., and is expressed in 
.gallons of water. The pressure of the steam should not 
«xceed 20 lbs. per square inch, and it is important that 
*he pressure at the boilers should be kept steady, as a 
:fluctuation seriously affects the running of the stills and 
^he quality of the distillate. 

Tablb XXII. 



Name of Still. 



Cmde (throagbont) .... 
I (from start to 850 sp. gr.) 
Ist stage j^ „ 850 sp. gr. to finish) 

2nd „ (throughout) 

3rd „ light 

„ „ heavy 

4tb „ 

I (from start to dark colour) 

Heavy residuum < 

I ( „ dark colour to finish) 



>» 



>» 



»» 



Soda 



(from start to 860 sp. gr.) 
860 sp. gr. to finish) 



j(iro] 



Gallons of 

Water per 100 

Galena of 

Distillate. 



14 
10 
14 
10 
10 
14 
16 
15 
20 
20 
25 



3 

8 
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Table XXIII. shows the length of time a distillation 
takes, the length of time the light oil stills are fed, 
capacities of the stills and the amount of fuel required 
to effect the distillation, and, also, the amount of fuel 
required to raise steam for use in the stills, to run the 
pumps and warm the tanks containing the heavier 
distillates, and other information. 



Pressure Stills. 

It has been seen that when an oil is distUled vci-y 
dowly it is decomposed with a breaking up of the 
heavier or high specific gravity oils into lighter or 
lower specific gravity oils ; if this slowness of distil- 
lation is coupled with high pressure in the still, the 
decomposition that takes place is greatly increased, and, 
"tiierefore, it was customary before suitable outlets were 
found in the market for products that were too heavy for 
burning oil and too light for lubricating purposes, to 
distil them in pressure stills and convert them into 

larkctable products. 
The atUls used for this purpose were made of boiler 
plate, cylindrical in form, and placed horizontally over 
the furnace. On the upper side of the still was riveted 
dome of about 3 feet in diameter and 2 feet 
6 inches high, and provided with a couple of hirge hand- 
lioles on opposite quarters of the side and a swan-neck 
(leading to the condenser) on the top. A 3-inrrh IcVev 
safety valve was attached to that portion of the still 
covered by the dome and was weighted so as to maintain 

given pressure in the still. 

u 2 
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The still having been charged and the fire lighted, 
the distillation did not start until the pressure was 
sufficient to raise the saftey valve, and when that pressure 
was reached, the vapoura escaped into the dome and 
then passed through the swan-neck to the condenser. 
The stUla were usually run under a pressure of 40 Iba. 
per square inch when new, but after being in use a few 
months the pressure was reduced, and this reduction 
was increased with the age of the still until (when the 
stills were too old for safe working and had to !» 
replaced by new ones) the pressure was finally only 
8 lbs. per square inch. 

Oils of 845 to 860 specific gravity when distilled 
or^e under a pressure of 40 lbs. per square inch will 
yield 50 to 70 per cent of an oil under 820 specific 
gravity at the worn end. If the residues of two of 
these stills are charged into another still and distilled 
under 40 lbs. pressure they will yield another 8 to 
10 per cent, (calculated on the original oil). 

Now that a market has been found for the inter 
mediate oils the pressure distillation is not so often 
resorted to. 

It has been claimed that the same results as those 
obtained from pressure stills can be obtained by distil- 
ling the oil up through a column 1 1 feet high. If the 
oil to be distilled were a heavy lubricating oU, the 
effect of making the vapours rise 1 1 feet higher than 
usflal befoie they could escape to the condensex would 
surely result in more or less light oi! being formed, but 
the columns, as might naturally be expected, failed to , 
cause any appreciable extra amount of " cracking" (overi 
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an ordinary still) when the still was supplied with the 
grade of oil charged into pressure stills. 

The comparative results from distilling an oil 
through the column and through the ordinary connection 
,of a still are given in Table XXIV. The specific gravity 
of the oil charged into both stills was 815, and the 
distillation was continued untd both bulk specific 
^gravities were 805, with the. result that the still fitted 
with the ordinary connection yielded 2 percent, more 
distillate than the still fitted with the column. 











Table XXIV. 












Tiuia 


Ordinarj Connection. 


Column. 


Sp. Or. 


Temperature 
Df Vapour, " F. 


Bp. Gr. 


Temperatura 
of Vapour, " F. 


At start . 


768 


392 


766 


385 


1 hour at start 




780 


428 


781 


392 


2 bouiB at start 




790 


446 


787 


410 


8 „ 






704 


464 


792 


419 


1 ., 








798 


473 


798 


446 


6 » 








804 


491 


804 


464 


6 .. 








808 


504 


812 


482 


7 „ 








815 


514 


817 


498 


8 „ 








817 


520 


824 


518 


9 » 








822 


532 


828 


638 


20 „ 








825 

898 


543 
556 


832 


.a 


12 „ 








833 


574 




1 



Continuous Distillation. 

Henderson, of the Broxburn Oil Company, patented 
a continuous distillation apparatus (acme nine or ten 
years ago), which consisted of three stills (similar to 
light oil stills) connected together by a suitable arrange- 
ment of pipes, and the stills were "set" so that 
the oil flowed from one to the other and maintained 
a certain given level in each still. The furnace fires 
were so regulated that each succeeding still was kept 
at a higher heat than the previous one, and in that way 
the first still (i.e. the still that received the feed) dis- 
tilled off all the oil that would vaporise at the tempera- 
ture of that still, and the residue constantly passed on to 
the nest still, where it vaporised as iar aa the heat of 
that still would allow, and tlien passed on to the third 
still. The temperature of the third stUl was not suffi- 
ciently high tu coke the still, and the steam of residunni 
from this still was conducted to a battery of four or 
five coking stills, where it was distilled to dryness. 

This method of conducting a "feed" or continuous 
distillation certainly gave a better fractionated and 
more homogeneous distillate than that obtained from 
the one-still-feed-distillation, but uo feed still will 
give as homogeneous an oil as an unfed still for this 
reason : — Suppose the temperature of the still is higk 
enough to distil off 10 per cent, of the oil charged into 
it, or, say, the temperature is 450° F. Again, suppose 
the oil fed to the still starts to boil at 375° F. Now 
it is quite plain that if the 375° boiling point oil is 
liberated in a still whore the temperature is 450° F. 



there must be a sudden e^'olution of light vapours that 
will be so great that these vapours will mechanically 
caiTy away vapours or oil of a very much higher boil- 
ing point and specific gravity, and, therefore, a proper 
iractionation or separation of the light and heavy 
vapours cannot be accomplished. 

If stills of 50,000 gallons or so capacity were used 
place of 3000 to 5000 gallon stills, there would be 
no need of resorting to continuous distillations, and far 
better products would be obtained. 

Condensers. 

The area of the condensing surface of the condenser 
worm and the diameter of the coils largely affect the 
Tunning of the still and the quality of the distillate. 
There should be aufiicicnt outlets from the still to allow 
of the oil in the still being kept in contact with the 
heat for only the shortest length of time necessary to 
ensure a proper separation of the impurities intended 
to be removed by the distillation. The condensing 
capacity should be sufficient to allow of the still being 
Kun at a maximum rate without causing loss of vapours 

[ue to imperfect condensation, and, in order to ensure 
ftiia, there should be 1 square foot of condensing surface 

or every gallon of oil distilled per hour for heavy oils ; 

J square feet for burning oils ; and 1| to 2 square feet 

or naphtha or other very volatile oils. 

As regards the size of the condenser worm. The 

atcrnal area of the cross section of the worm at the 

alct to the condenser shmUd Ix; 0*05 sqimre inch per 
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gallon of distillate per hour, or if the distillate ran at 
the rate of, say, 200 gallons per hour, the size of the 

worm should be (-v/^t.?L?^ = ) 3" 102 inches in 
\ V ' 7854 ' 

internal diameter. That size should be continued for 

atwut one-third the total length, and then reduced to 

2j inches for the next third, and to 2 inches for the 

last third. 

Table XXV. 



Name of Oil m Wax. 


Sp.Or 


lloiling or 
MeltiTig 
Point. 


LaUnt Heat 

ofVoporiai- 

Uon. 


Vspouc 
Uc»t,. 


Kt" 


GaBolino . 


G42 


70° F. 


100-2" F. 




O-5800 


Naplitha . 




720 


116" F. 


100-6" F. 


3-005 


0-5687 


„ 




756 


176" F. 


133-6" F. 


3 -ISO 


0-5101 


Bn ruing oil 




810 


260Tr. 


105-4" F. 


4-270 


0-4991 


In termed iato 




843 


645° F. 




7-770 


0-4960 


Marino . 




836 










0-4661 


PresBoJ oil 




886 










0-4413 




865 

8ao 










0-449S 
0-4441 


Etjfiiicd paraffin wax 




814" 
118J" 
120° 
130" 








0-5691 
0-4164 
0-4069 
0-3659 


Stcnrino 




128" 








0-3529 



In figuring out the sizes of condenser worms it is 
always wi^c to leave a wide margin, as it allows of the 
size of the still being increased at any time without 



ncceasitating altering the condenser, and it also allows 
■of the still being pushed (i-e. run faster than usual), as 
is often neccBsary in the case of the still starting to 
leak, &c. 

The quantity of water necessary to effect the con- 
densation of the oil vapours and cool the distillate to 
any desired point, can be calculated by the aid of the 
fipecilic and latent heat figures given in Table XXV. 
For an example, wc will suppose that we have 1000 
gallons of 756 aiKcitic gravity naphtha to distil, and 
that the distillation will be conducted at the rate of 
100 gallons per hour, then : — 

1000 gallons at 756 specific gravity = 7560 lbs. 
The latent heat of vaporisation of 756 naphtha 
= 133-5° F. 
Therefore {7560 x 133-5 =) 1,009,260 thermal 
Units will have to be extracted from the vapours in 
tfder to condense them to a fluid of 175° F. tempera- 
tare. The condensed fluid (i.e. distillate) has to be 
Booled to 60° F., and as the specific heat of the 
listillate is 0*5104 (water being I'OOO) the amount 
heat that will now have to be extracted will be 
7560 X 175 - 60 X 0-5104 =) 443,741 thermal 
tsits, therefore the total thermal units to be extracted 
rill be (1,009,260 + 443,741 =) 1,453,001. As the 
listillation will take ten hours, the number of thermal 
inits per hour to be absorbed by the condenser will be 
145,300. We will now suppose that the initial tem- 
lerature of the condensing water is 50° F., and that 
iie temperature of the overfiow will be 80° F. As the ■ 
j)ecilic heat of water is 1, and the temperature of the 
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water will be raised 30°, each pound of water will 
therefore absorb 30 thermal units, and as 145,300 
thermal units have to be absorbed, (145,300 -f- 30 =) 
4849 lbs. (= 484*9 gallons) of water per hour will be 
required. 

The above figures are based on the assumption that 
the boiling point of the naphtha would be 175° F. 
throughout the distillation, but this, of course, would 
not be the case, and more water than the above figures 
call for would be required. Also, a condenser is never 
perfect in its action owing to the worm becoming more 
or less covered with sediment, &c., and more water will 
be required again in this case ; however, the approxi- 
mate quantity of water required can be determined 
near enough for practical purposes by calculating as 
above and then adding 10 per cent 



CHAPTER VII. 
TREATING DATA. 



Air versm Mechanical Agitation. 

HE kind of agitation used in the treatment has an 
nportant bearing ou the " loss due to treatment." It 

^ evident that if an oil that contains more or less light 
vapours is subjected to air agitation and the air so 
used is allowed to escape into the atmosphere, it will 
cause a loss over and above that due to the action of 
the acid, as the air will go away saturated with the 
light vapours. The author made a large number of 
experiments in ortkr to determine the amount, &c., of 
this loss, and the average of the results will be found 

y in Table XXVI. 

I Table XXVI. 



Grade of Oil. 
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Time Agi 
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I The figures in Table XXVI. clearly show that the 
■agitation of semi-refined naphtha by air is out of the 
■question unless a closed agitator is used, and the con- 
fceetions to the air-pump or " blower " are so arranged 
tthat the latter draws its supply from the top of the 
ngitator, in which case any vapours passing off in the air 
■would be returned in the air delivered from the pump. 
Rhe loss is considerable even in the case of the once- 
run oil, but by the adoption of the arrangement above 
suggested could be entirely prevented. 

The author would suggest, in the event of the 

I expensiveness of centrifugal agitators standing in the 

way of their adoption, that the agitators be provided 

with tight covers, and that the whole of the air supply 

to the blower be drawn from the top of the agitator. 

Table XSVII. has been prepared for the purpose of 

I showing the length of time the various grades of oil are 

I agitated and settled, and how much acid tar is left in 

the oil that has been settled for different lengths of 

' time. 

Recovered Acid. 

About 90 per cent, of the sulphuric acid used in the 
treatment of the oils can be recovered by pumping the 
acid tars to lead-lined tanks and steaming them with 
open steam. 

The length of time that the tars are steamed depends 
on the quality of the steam (i.e. a good dry steam takes 
longer than a " wet " steam) and the gravity desired 
for the resulting recovered acid, but, generally speaking, 
«a to eight hours' steaming should be sufficient to 
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reduce the strength of the ncid to 63° Tw. When the 
desired strength has been obtained, the steam is shut 
off, the contents of the tanks allowed to settle, and 
after any paraffin oil, &c., that rises to the surface has 
been skimmed of and pumped to the liquid fuel tank, 
the acid is ready for use as Recovered Acid. 

Soda Rkcovery. 

Soila Tars. 
The pmctirc of recovering the soda used in the 
treatment of the oils, was first started in 1874. 

The soda solution used in the oil treatment ia partly 
converted into sulphate of soda (by neutralising the 
free sulphuric acid left in the settled oils), and that 
portion cannot be remuneratively recovered, but tlie 
larger portion of the solution is neutralised by the 
phenol impurities of the oil, and the soda in this portion 
can easily be recovered by acidifying the soda tar with 
an acid that will form an easily decomposed soda 
compound. This is effected by passing carbonic acid 
gas through the soda tar, and as soda has a greater 
affinity for the carbonic acid than for the phenols, the 
latter are thrown out of combination and separate as an 
oily layer. 

This separation was first effected by means of the 
apparatus shown in Figs. 55 and 56, which was con- 
structed as follows. A perforated cylinder B was placed 
I inside the cylinder A and securely held in position by 
B the horizontal divisions C, The cylinder was supported 
M on the frame D l>y the castings E, and was revolved (w 
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; direction indicated by the arrow) by the gears F. 
J two counectiong G and H fitted into tlie castings E, 





and the joints were made tight by means of glands and 
packing. The method of working was to first fill the 
(lylinder with soda tare through the cock K to the 
height I, and then, having set 
the cylinder in motion, pass 
carlwnic acid gas in through 
the connection G and allow it 
to escape through the connec- 
lion H to a chimney. The 
-ioda tar was in this way 
saturated with carbonic aeid, 
because as the cylinder re- ^^^ ^^ 

volved the tar was kept con- 
stantly pouring down through the gas in fine streams (as 
shown at J). The acidified liquor was drawn off through 
the cock K. 




From four to six hours were generally sufficient, to 
effect the converaion of the soda tar, and, as one of these 
cylinders was capable of handling 350 gallons of tar at 
a time, the capacity of the apparatui^ was &om 1000 tii 
1400 gallons of soda tar per twenty-four hours — allowing 
ample time for charging and discharging. 




An improved soda recovery apparatus is shown in 
Fig. 57, in which the tower A was provided with the 
perforated plates B, and the soda tar was circulated by 
the pump C, which latter drew its supply from the 
bottom of the tower, and discharged it through the 
connection E, in at the top of the tower, and aa the tar 
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passed down through the perforated plates, it came in 
contact with carbonic acid gas that was generated by 
slowly burning coke in the small furnace F, the neces- 
sary draught for which latter was supplied by the 
connection G being continued into a tall chimney. 
This apparatus was capable of handling 1500 gallons of 
soda tar per twenty-four hourSj and the coat of working 
was very much less than in the case of the cylinder, and 
also the first cost was greatly in favour of the tower 
apparatus, as may be seen by the following figures. 



S«TolTiDg cylinder oomplete . 
Carbolic lutid gaa gcQerator 
Eugine and pumps (oombined) 



Tower .... 
Carbonic acid gas generator 
Pomp .... 



After the soda tar had been treated as above, it was 
pumped to a tank and allowed to settle for six to eight 
houre, after which the phenols that rose to the surface 
were skimmed off and pumped to the liquid fuel storage 
tank, and the carbonated soda liquor was then causti- 
cised with quick-lime, slaked and evaporated in V-shaped 
pans to the desired strength, and was then ready for 
ase as " Recovered Soda." 




Soda Coke. 



The recovery of the soda from the soda coke resulting 
from the soda distillatioos is readily accomplished by 
piling the coke in heaps, setting fire to it and allowing 
it to burn to an ash. 

This process should be conducted on iron plates and 
under a corrugated iron shed, so that the ashes may be 
protected from wind and rain until they can be trans- 
ferred to a tank and washed with water. The wateiy 
solution after being settled free from any of the insol- 
uble ash is mixed with the carbonated Hfjuor from the 
soda tar. 

Treatment of Waste Water from the Woek& 



It must have become apparent to the reader that a 

I very large volume of water is daily used in the variona 
, processes through which the oil, &c., have to pass, and 
that an oil work must discharge a large volume of 
waste water into the rivers or sewers in the vicinity. 
As it is a practical impossibdity to prevent leaks from 
various oil pipes, &c., and as such leaks invariably find 
their way into the waste water conduits, it is neceasaiy 
that an oil work should be provided with a main trap, 
into which all the drainings of the work should be led 
before being allowed to escape into the river or public 
sewers. 
1 The proper construction of such a trap is shown in 

[ Figs- 58, 59 and 60, and consists of a brick and cement 
^ structure A (the top of which is level with the ground) 
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divided by the walls B and C. The mixture of water 
and oil flows in through D, and the water accompanied 
by a certain amount of the oU descends and passes 
through the arched openings E, and, striking against 
the wall C, have to rise before the water and any oil 
it may atill hold in suspension can again descend to the 
arched openings in the next wall (B), and so on, until 
the water finally flows away through the pipe F. By 
making the water take an upward course (and giving it 
plenty of space in which to do it so as not to cause 
sufficient current to mix the oil and water) after a 
downward one, tends to help any oil it may contain to 
come to the surface, whence it is pumped oft' through 
the swinging connections G, leading to the pumps H 
in the pump house I. It is important that the walls C 
should not be continued up high enough to cause any 
perceptible current on the surface, and, in fact, there 
should be a distance of 6 to 7 feet between the top of 
the walls and the top of the trap. 

If the walls C are omitted, as shown in Fig. 61, a 
large amount of oil will paas through to the outlet F, 
because the oil held in suspension in the water will be 
free to flow through from one end of the trap to the 
other, as shown by the straight arrows, and only the 
lighter oils will rise to the surface. 

The Rivers Pollution Commisioners are exceedingly 
particular as regards the water discharged into the 
rivers, &a, and inspectors pay frequent visits to the 
various works to see that the law is properly obeyed. 

The visit of one of these inspectors to the Bathgate 
work in the days when the late James Young was in 



TREATMENT OF WASTE WATER. 213 

constant attendance there, led to an incident that Young 
was never tired of reciting. The inspector in question 
thought he detected the taste of paraffin products in 
the small stream that flowed past the work, and imme- 
diately saw Young in regard to it, and, aeeompauied by 
the latter gentleman, went back to the lower end of the 
work and again tasted the water, and invited Young 
to do the same ; but the latter declined, and suggested 
that they should walk up stream, and that the inspector 
should taste the water at some point above the work, so 
as to make sure that the Bathgate work was to blame. 
The inspector considered that a fair proposition, and as 
they walked up stream he kept on tasting the water 
and always finding indications of paraffin products, and, 
finally, as they rounded the base of a slight hill some 
distance above the works, Young exclaimed, " There's 
the source of the paraffin products you taste." The 
inspector looked in the direction Young indicated, and 
seeing half a dozen very dirty looking miners bathing in 
the river concluded to let the matter drop, and, further- 
more, did not bother Young again for many montha. 
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CHAPTER Vni. 
LABORATORY. 

The work done in an oil works laboratory is usually of 
a very varied character, from the simple oil testa to the 
analyses of the various chemicals, &c., used in, and the 
by-products resulting from, the manufacture of shale 
oils. 

The method of testing th? various products will first 
shortly be considered. 

SoLiDiFYiKG Point. 

"\¥hen testing the distillate from a still for wax, the 
quickest and simplest way is to have a beaker or 
tumbler filled with water at a temperature of three or 
four degrees lower than the desired solidifying point 
and allow a drop of the distillate to run down the 
outside of the glass. If the " drop " reaches the bottom 
without showing any signs of wax, the solidifying point 
is too low, but if there are signs of wax the distillation 
must be carefully watched, and the distillate tested 
every few minutes untU {when the drop will not 
traverse more than an inch before it solidifies) the 
required solidifying point is reached. 

In determining the solidifying point of a crude or 
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other oil containing a large amount of wax, the author 
would advise the following method being adopted : — 

A couple of inches of a long bulbed thermometer are 
dipped into the heated oil and theu quickly held in a 
neai'ly horizontal position between the thuml.) and fore- 
finger of both hands and slowly revolved, while at the 
same time the position of the thermometer is constantly 
changed, so that at one time the bulb is somewhat lower 
and then somewhat higher than the other end. The 
adhering oil will hang as a long horizontal globule 
from the under side of the bulb, and is prevented from 
dropping off by the constantly reeking and revolving 
motion of the thermometer, which motion also ensures t he 
oil being uniformly cooled by constantly exposing fresh 
portions of it in a thiu film on the upper side of the 
bulb to the cooling action of the air. Eventually, the 
globule will commence to thicken and revolve partly 
with the bulb, and finally become so thick that it will 
lemain stationary in whatever position the thermometer 
IS held, and as soon as that point is reached, the tem- 
perature must be quickly read. Solidifying points 
taken in this way agree very closely if ordinary care 
exercised and there is not too great or too little 
difference between the temperature of the air and tlie 
solidifying point of the oil — the difference should be 
ibout 10° to 20° F. 

Setting Point. 

The name of this test is very misleading, and a far 
more appropriate name for it would be " Cold Test." 
The test cao be made iu two ways, to suit the nature 



of the oil to be tested : if the oil b light coloured, bright 
and free from moisture, a depth of about 2 inches of it 
ia poured iuto a test tube (iibout 1 iueh in diameter by 
6 inches long) and a long bulbed thermometer haviog 
been placed in the oil, the tube is immersed in a freezing 
mixture. As soon as the oil has solidified the tube is 
removed, the outside wiped dry, and then held up in 
front of a window and stirred with the thermometer {as 




shown in Fig. 62) until the last trace of 
appears, when the temperature is noted. This operation 
should be repeated, and second result obtained is the 
setting point or cold test of the oil, This method of 
working gives very concordant results, and different 
operators can easily agree to within half of a degree, but 
it is most essential that there shall be no moisture or 
air bubbles in the oil, and, to prevent the latter, it is 



necessary that the oil be very carefully and slowly 
Btirred. 

For dark -coloured oils, such as pressed and untreated 
oils, the method is as follows : — A small beaker (about 
1^ inch in diameter by 3 inches deep) is filled to a 
depth of about 1 inch with the oil to be tested, and is 
then placed in a freezing mixture and stirred with a 
thermometer until the surface of the oil becomes 




" dulled " by crystals of wax. The beaker is then 
removed from the cooling mixture and held (as shown 
in Fig. 63) in a good light, and its contents stirred until 
the last trace of crystals disappears and the suiface of 
the oil is quite bright again. With a little experience 
and practice, different operators can easily agree in 
their results to within one degree by this method of 
working. 



Relation betwden Cold Test and Pkrcentage 
OF Wax. 

The author made a large number of determinations 
of the amount of wax that was contained in oils of 
different cold tests, and the averages of the results arc 
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given in Table XXVIII. The oil used in making tlw 
determinations was an 890 oil of 26° F. cold teat, an4 
the wax U3ed in raising the cold test was the wax which 
belongs to that grade of oil (and which had l)een removed 
by pressing the cooled 890 lubricating oil distillate), and' 
had a melting point of 102° F. We see by reference to 
the table that an oil of 33° cold test contains 1 • 477 p«r 
cent, more wax tlian an oil of 26° cold test, or that stt 
oil of 39^° cold test contains 0'962 per cent more wju 
than an oil of 33° cold test, and so on. 





Tabib xxvut. 




Cold Test. 


Per Conl. hy 
Wtight of Wai. 


Cold Test. 


Per Cent. b. 
Weight of Wml. 


2G 


0-000 • 


39i 


2-439 


29 


0-497 


41i 


2-912 


30 


0-G95 


43 


3-381 


31i 


0-990 


45 


3 -840 


33 


1-477 


47 


4-306 


3Gi 


1-970 







1* It mnat not be snppoiieil that 26° ralii'tect oil eonlaios no *i>x, ni Ifa'l ti | 
not the coBO ; but d certala colil test hud to be taken for a st&iting point, unl ^ ' 
waa the lowest that could oonvenientlj b« obtained, and wu therefore w' 
tbe storting {lolot. 
poi 
anc 
rec 



Flash Point. 

There are too many methods of taking the flash 
point of oils to allow of their all being referred to here, 
and therefore only the generally adopted methods will J 
receive notice. 

In determining the flash point of burning, and other 
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Comparatively low-flashing oils, an apparatus designed 
Hiy Abel, and known as the " closed teat " is almost 
■miversaUy used. Abel's apparatus consists, in general, 
hF a small metal cup (provided with a cover) which fits 
Boto an air bath surrounded by a water bath. The water 
Bd the water bath is heated to a certain* temperature 
B(Dd imparts its heat to the air (contained in the air 
nath), and the latter imparts heat to the oil. The oil is 
Kius heated very slowly (the prescribed rate being 1° F. 
Bber minute), and at every rise of one degree in tempera- 
Kiire of the oil, a small slide fitted to the cover of the 
fcil cup is pulled on one side, and a flame of the size of 
K bead is admitted to a point just below the opening in 
■he cover. If the oil is sufficiently hot the flame will 
HauBe a slight flash to cross the surface of the oil, and 
the temperature at which that takes place is the flash 
point of the oil by the Abel or closed teat. 

In determining the flash point of lubricating or high 
flashing oils, the " open " test is usually employed. 

In order to make this test it is only necessary to 
have an open metal f cup about 2 inches in diameter by 
2 inches deep. This cup is filled to within half an inch 
of the top with the oil, and a thermometer having been 
' suspended in it, a small argand flame is applied under- 
neath. The oil must be heated very slowly, and about 
fifteen to twenty minutes should be taken in raising the 
l;teraperature to, say, 300° F., also, it is absolutely neces- 

* If the flash point of the oil is very Ligb, the temperature of tie 
I Vftter most be higher than fur loir-flash poiut oils. 
I t 1^ thcro ore any joiuts they mast bo brazcil, a& ordioary Bolder 

I ^rillmolt. 
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snry that there shall be no draught whatever nar ii( 
cup, and the latter should be placed in a comer sltsW 
from direct light, bo that the flash may bo ciiailT fts 
when a bead flame is passed across the top of the 
at a distance of one-sixteeuth of an inch al 
surface of the oil. 

^B Viscosity. 



^pThe viscosity represents the amount of "I 
Tucousuess that an oil has, and it Ls dctermiii 
the use of different apparatuses in different c 
B. Rcdwootl's viscometer is the English stau 
strument, while G. M. Saybolt's is the Amet 
Engler's the German standard. 

The method of determining the viscosity by o 
the above instruments is essentially the same, i*! 
consists in noting the length of time that ft I 
quantity of oil at a certain standanl temperatuial 
to run through a small orifice at the bottom l 
instrument. 

The temperature at which the viscosity of i 
nary lubricating oil is determined has been ( 
usage at 70° F., and the reason why that tcmp( 
has been adopted as a standard is because it is tit 
most easily obtained and held at all seasons of the vett 
It is important that the temperature of the room shonU 
be at as near 70° F. as possible, because, notwithdtau<^ 
that the instruments are surrounded by a water bill. 
the results are considerably affected by any gl** 
variation in the temperature of the atmosphere abo«* 

—below the standard temperature. 



oeral oils of the same specific gravity often vary H 
r in viscosity, and, as the higher the viscosity H 
s quantity of oil usually is necessary to lubricate ^M 
n piece of machinery, it is to the interest of the ^ 
oer to buy his oil by the viscosity test rather 
)y the specific gravity — which latter test is, at 
t, the one an oil is usually valued by. However, 
Id be unwise to give preference to an oil on the 
th of the viscosity only, as the viscosity is con- 
aly afi'ected by the cold test of the oil, and there- 
lie cold test should always be considered in 
tion with the viscosity. By referring to Table 
. the relation between cold test and viscosity will 
inly seen, and it will be noticed that the higher 
ty oils are afi'ected to a greater extent per degree 
cold test than the thinner oils. 

Table XXIX. 


Bp. Or. OiL 


SS3 Bp. Or. Oil. 


t90Sp.Gr. Oil. 


hL 


Yi««itr. 


Cold Test. 


Viscosity. 


Cold Test 


ViMOBi^. 


r 


223 
229 
231 
241 

247 


27" 
32' 
344° 
3D" 
42J" 


260 
271 
286 
301 
317 


27" 

33° 
36° 
40" 
42° 


279 

297 
317 
345 
364 


le higher the cold test the more wax there is ^M 
;t in the oil, and, as wax is an exceedingly bad ^B 
int. it stands to reason that if there are two oils 
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\ the same viscosity to choose from and the coHb 
I one case is five or ten degrees higher than lie ^ 
pe lower cold teat oil should be selected. 

Numerous machines have l>een designed for ^ 
"uliy testing the lubrieatiug qualities of an mI, U 
the results ohtaiued from such machines are of litllrl 
no value to the user of lubricating oils for tie rart 
that the bearingSj &c., in those machines are as pdH 
at it is possible to make them, whereas the learii^l 
use in mills and shops generally have some htlledAH 
and an od that would answer well for lubricatiii;* 
journal might be useless for another, and tberefoBii" 
user would try three or four different grades of oil"! 
having determined which one gives the best rcsiilB"| 
his machinery, would have the cold test and Tisw^ 
of the oil of his choice carefully determined ow* 
that future deliveries of oil corresponded with thf«l* 
he would save oil and wear and tear to his macllBU'I',, 



\ 



, TiiLii XXX. 






1 








1 Nome or Oil. 


Specific 
Gravity. 


Visosils (1>J & BcJ"*'' 
Jpp.»li>l 


' 


At7n°F. AtllWy.At"" 


886 minerAl oil . 


886 


Beccn<lii. 
78 


IS 


f 


890 „ 


890 


155 


69 


II 


Cottonseed oU . 


916 


377 


m 


t 


Thickened ditto 


967 


4640 


1660 


* 


Lnrd oil . 


922 


316 


16S 




T.II0W0U. . . . 


917 


390 


19C 





An oil that will act as a first class lubricant on cool 
journals is often perfectly useless for hot work, such as 
Inbricating steam cylinders, and Table XXX. has been 
prepared so that an idea of the variation in viscosity 
due to changes in temperature may be formed. 

Melting Point. 
The melting point of a wax is the temperature at 
rhich the wax changes from the molten to the solidified 
xindition, and the determination of that temperature is 
generally made by taking advantage of the latent heat 
of solidification in the following manner. An ounce or 
J of the melted wax is poured into a glass or metal 
vessel and slowly stirred with a thermometer ; the tem- 
lerature of the wax will constantly and gradually 
dinjinish until the wax commences to solidify, and 
iiortly after solidification has commenced it will be 
noticed that the temperature will remain perfectly 
Stationary for tie space of a minute or two, and that 
temperature is recorded as the melting point of the wax. 
After the wax has given up its latent heat of solidifica- 
tion the temperature again starts to fall and continues 
[falling until the temperature of the surrounding atmo- 
sphere is reached. The same results are obtained 
whether the vessel containing the wax is moved while 
the thermometer remains stationary, or the thermometer 
is moved and the vessel is stationary. This method has 
been in use in England for the past fifteen or twenty 
years with the greatest possible success, and melting 
points determined by it do not usually vary more th ai)|_ 
a quarter of a degree F. between different operators. ^H 



In determining the melting point of atcarine it will 
be noticed that the temperature will remain stationary 
for a short time and then start to rise, and aft«r rising 
anywhere from 3° to 15° F. (according to the grade of 
the Btearine) will remain stationary for some time before 
starting to fall again. The melting i>oint in this ease 
is the temperature recorded after the mercury eoluam 
has finished rixinfj. 

In the manufactunng business it is constantly 
necessary to mix waxes of different melting points in 
order to supply the special melting point waxes oftea 
called for. There is no difficulty whatever in calculating 
the quantities of any two or more waxes of known 
melting points necessary to give a wax of any inter- 
mediate point, and the calculations are made as follows :^ — 

Suppose 1000 lbs. of 116^° melting point wai 
were wanted, and that the melting points of the w&ies 
in stock were 120 and 115. Then, 116^ — 115 = Ij, 
and 120- 116^ = 3^, it will be necessary to mix the 
waxes in the proportion of 1 J parts of 120 and 3^ parta 
115 melting point, or, 300 lbs. of the former to 700 lbs. 
of the latter. 

In the manufacture of candles stearine is often, and, 
in fact, generally, used in admixture with the wax, but, 
in this case, the melting point of the mixture of wax 
and stearine cannot be calculated, as stearine has lift 
peculiar property of lowering the melting point of the 
mixture to, in certain cases, even below the melting 
point of either of the ingredients used. Therefore Tables 
I ^KXXI. to XXXVI. have been prepared (and are the 
BBults of many careful detenninations) in order to 
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mable those who require mixtures of wax and stearine 
>f certain melting points to make the mixtures without 
;oing through the laborious process of determining the 
lecessary proportions by making up " trial mixtures." 



Table XXXI. 





MeltiDg Point of Wax used 
„ „ Stearine used : 


= 102° F. 
= 121° F. 




Percentage of 


Melting Point 


Percentage of 


Melting Point 


Wax. 


Stearine. 


Wax. 


Stearine. 


90 


10 


°F. 
100 


40 


60 


°F. 
Ill 


80 


20 


98i 


30 


70 


113i 


70 


30 


100 


20 


80 


117i 


60 


40 


104^ 


10 


90 


119 


50 


50 


llOJ 









Table XXXII. 





MeltiDg Point of Wax osed 

„ n Stearine used : 


= 120° F. 
= 123° F. 




Percentage of 


Melting Point 


Percentage of 


Melting Point 


War. 


Stearine. 


Wax. 


Stearine. 


90 


10 


op. 
118 


40 


60 


op 

109 


80 


20 


1161^ 


80 


70 


113 


70 


80 


114 


20 


80 


118i 


60 


40 


112 

• 


10 


90 


119i 


50 


60 


110 
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Tabls XXXIII. 



Melting Point of Wax used 

M Stearine nied 



»« 



= 120}° P. 
= 129f <> P. 



Percentage of 


Melting Point 


Peroentageof 


Melting Point. 


Wax. 


Stekrine. 


Wax. 


Stearine. 


90 


10 


<>P. 

118j^ 


40 


60 


118J 


80 


20 


116J 


80 


70 


122 


70 30 


lUJ^ 


20 

1 


80 


124]^ 


60 


40 


112J 


10 


90 


127 


60 


50 


113 









Table XXXIV. 



Melting Point of Wax need 

„ Stearine nsed 



» 



= 125° P. 
= 1210 P. 



Percentage of 


Melting Point 


Percentage of 


Melting Pmnt 


Wax. 


Stearine. 
10 


1 

Wox. 


Stearine. 


90 


op. 
123 


40 


60 


Ill 


80 


20 


121 


30 


70 


107 


70 


30 


119 


20 
10 


80 


114 


60 


40 


117i 


90 


117 


60 


60 


114 
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Table XXXV. 



Melting Point of Wax used 

Stearine used 



n 



fi 



= 130PP. 
= 121° F. 



Peroentage of 


Melting Point 


Peroentage of 


Melting Point 


Wax. 


Stearine. 


Wax. 

1 


Stearine. 


90 


10 


op 

128 


40 


60 


op 
114 


80 


20 


125^^ 


30 


70 


109 


70 


30 


123 


20 


80 


115i 


60 


40 


121 


10 


90 


118 


50 


50 


118^ 


• 







Table XXXVI. 



Melting Point of Wax nsed 

Stearine used 



>» 



= 132JO F. 
= 129JO F. 



Peroentage of 


Melting Point 


Peroentage of 


Melting Point 


Wax. 


Stearine. 


Wax. 


Stearine. 


90 


10 


op 

130i 


40 


60 


op 

117f 


80 


20 


128J^ 


30 


70 


119i 


70 


30 


126j^ 


20 


80 


125i 


60 


40 


124^ 


10 


90. 


127i 


50 


50 


121 




R 
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Oil in Wax. 

It 13 practically impossible to press n cooled m^m 
of oil and wax so as to olitain a crude scale tkt 
entirely free from oil, and as a mnsumer dots nol irii 
to buy oil at the price of wax, he is naturally dtsinw 
of knowing how much oil the crude wax he is bari^ 
contains. 

The percentage of oil in wax ia determined Ij 
taking 500 grains weight of the. powdered wax »tl 
temperature of 60° F. and (after placing it bftwLvntw 
pieces of linen and four pieces of blotting paper lal 
enclosing the whole in an iron ring (5^ inches inak 
diameter) into which a pistou snuglr fits, .^ubjectiog il 
to a pressure of 5 cwt. (560 lbs.) per square iniiftt 
a space of five minutes. The loss that the waxsnstwB 
by being subjected to this treatment is called " oil. 

Some crude waxes contain a certain amount oiM 
and water. 

Dirt in W,\x. 

The percentage of dirt should lie determined If 
melting a pound weight of the wax in a large beaker aJ' 
then adding twice its volume of 725 specific gnivitf 
naphtha. The naphtha solution ia then to be filteitl 
through a tared paper filter, the beakor thoroaghlj 
washed with fresh supplies of naphtha and the wasbiif 
thrown inti) the filter, and, finally, the filter and 

aidue that reuiaina in it arc to be washed four or fi** 
times with the 720 naphtha, and then given a last 
1 gasoline. After being dried for three or four buOB 



WATER IN WAX. 

Rt a temperature of 200 F. the filter muat be allowed 
to cool and then V)e re-weighed ; any increase in weight 
represents the quantity of dirt present in the wax. 

Water in Wax. 

In order to determine the per cent, of water, one 
pound of the wax should lje melted and poured into a 
conical shaped copper still, and the top of the still 
ehould be closed by a cork to which ia fitted a bent 
glass delivery tube about 2 feet long. The still is then 
gently heated until nearly all the water has distilled 
ofl', and then the temperature shoidd be raised to about 
250° F. and maintained at that until the water ceases 
to drop from the end of the delivery tube. The water 
having Itecn caught iu a tared beaker is weighed and 
the percentage calculated. 

A suitable still for this purpose is one made of 
■J-inch thick copper, having a diameter of 7 inches at 
the bottom and 1 inch at the top, and a perpendicular 
height of 9 inches. It is better to have the bottom 
dished ^ or ^ an inch. 

BuBNiNu Oil. 

The burning oil products should of course be regu- 
larly tested photometrically, and, in the event of an 
outsider's oil being sent for duplication, it is also neeea- 
Bary to determine, besides the specific gravity, flash, &e., 
■whether the oil has been finished with a distillation or 
treatment. This determination is usually easily made 
■by simply placing one's ear close to the side of the 
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burner while the oil is burning in a lamp, and if &ali^ 
crackling suusd is heard it is a sure indication tlut ll 
oil has been finished by a treatment, whereas if ooJW 
noise is heard it is an indication that the oil was fimsia 
with a distillation. 

The comparative illuminating power of variM 
fractious from the third stage oil stills is given ii 
Table XXXVII. 

Table XXXVI T. 



Spedfio Gravity 
of Fraction. 


niamiosting Power 

inStoDdud 

0>ndl«B. 




Frrailig 

761 
764 
768 


ht OU Btilll. 

12-20 • 
20 -70 
19-90 


816 

818 

Promhet 
801 


16-50 
16 -SB 

TJoflrtiUi. 

19-33 


77i 


19-25 


805 


30S4 


779 


18-94 


814 


18- « 


784 


20-00 


818 


15-70 


79J 


18-90 


823 


16-40 


794 


19-40 


830 


16&1 


798 


18-60 


835 


15-80 


804 


19-40 


840 


t 


811 


17-00 






• Too Ug 


ht to bum wpU. 


t Would Ml b 


urn in lump. 



Compounded or Mixed Oils. 
Both burning and lubricating oils of mineral origi 
are often mixed or " compounded " with " fatty " (veg 
table or animal) oils, rosin oils, mineral compounds ai 
Bpmetimes with paraffin wax. 



Wax Admixture. 

The presence of wax is easily detected aud the 
f quantity estimated by cooling and pressing a small 
' quantity of the oil. 



Fatty Oil Admixture, 

Fatty oils are readily detected by boiling quarter of 
an ounce or so of the oil with alcoholic soda * for 
twenty to thirty seconds in a large test tube. If as 
little as 2 per cent, of fatty oil be present, the mixture 
will become a gelatinous mass on eooliug ; and if larger 
percentages are present the mixture will become gela- 
tinous or even solid while hot. 

When the presence of a tatty oil has been detected, 
its quantitative determination may be quickly made by 
taking 50 grains weight of the oH, mixing it with about 
500 grains of silver sand, and then adding an excess of 
alcoholic soda 'and evaporating, with constant stirring, 
over a water bath until all smell of alcohol has been 
discharged. The mass is then to be thrown into a filter 
and washed with small successive quantities of gasoline. 
ether or other very volatile solvent, until a small drop 
of the filtrate ceases to leave any oil stain after being 
placed on a watch-glass and evaporated. The soap 
produced by the saponificJition of the fatty oil by 
the soda is unaffected by the gasoline, &c., while the 
mineral oil is quickly washed from the sand and finely 
divided particles of soap, and, the total filtrates having 
* Satnratod Bolutiou of caimtic soda in absolute alcohol. 



been placed in a tared flask and the solvent (gasoline, 
&c) slowly evaporated, the amount of mineral oil is 
determined by weighing, and the difference Ijetween its 
weight and the weight of the (juantity operated on gives 
the amount of fatty oil. 

The reason for adding sand to the original oil is t*i 
prevent the soap from forming in a mass, and tie 
constant stirring of the oU, sand and alcoholic soda 
during evaporation helps to ensure the particles of soap 
being in a fine state of division. 



Mosin Oil Admixture. 

The presence of rosin oil is best detected by v^ 
ously ruhbing a small quantity of the oil between 
palms of the hands and then quickly smelling it 



Afineral Compounds Admixture. 

In order to determine whether a mineral compouiid 
is present in the oil, it is necessary to take a small 
quantity (about 25 to 30 grains) of the oil and heat it 
in a platinum crucible until the whole of the volatile 
matter has been burnt and the resulting coke consumed. 
If any ash remains it is undoubtedly the mineral 
adulterant that the oil has been " thickened " with. 
The mineral " thickeners " that are most commonly used 
are the stearates or oleates of alumina and lead, but 
the nature of the mineral can, of course, be easily 
determined by testing the above ash. 



■n the I 



Testing Ammonia Water. 

Tlie ammonia water from the retorts, and algo the 
spent water from the ammonia stills should be daily, or 
I even more frequently, tested. 

In order to be able to make the determination of 
the amount of ammonia contained in these waters 
' quickly and accurately, methol orange should be used 
as an indicator, because it is neither affected by the 
carbonic acid or sulphuretted hydrogen contained in the 
water. The strength of the water from the old vertical 
and the Henderson retorts could be accurately deter- 
mined by merely adding a few drops of methol orange 
to 50 c.a of the water and titrating with a standard 
normal solution of sulphuric acid ; but, when the 
Young and Beilby retorts cnme into use, it was found 
that the actual yield of sulphate of ammonia was far 
short of what the laboratory determinations showed it 
ought to be. Careful investigations disclosed the fact 
tliat the Young and BeCby ammonia water was rich 
in oily bases, and the standard acid being neutralised 
by these bases caused the Ia>)oratory determinations 
I to point to the presence of more ammonia than was 
ictnally present in the water. 

As the bases were present as carbonates and aul- 

ides they could not be removed until they were set 

ree, and therefore it was necessary to add sufficient 

r«oda to neutralise the carbonic and sulphurous acids 

t that held the bases in combination, in order to set the 

lutter free, consequently the method adopted for testing 

I Young and Beilby ammonia waters is lo 
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Take 100 e.c. of the water, and add 25 &c. of a 
standard noraml caustic aoda solution, and 50 c.c. of 
refined naphtha, and shake the mixture vigorously for 
three or four minutes. This treatment results in the 
bases being set free by the soda, and taken into solution 
by the naphtha, and after the mixture has settled for 
five or ten minutes, 10 cc. of the water are drawn off 
and titrated with acid as above — allowance being made, 
of course, for the standard soda solution that was added 
to the water. 

Testing the water in this manner resulted in the 
usual agreement between laboratory and works — results 
which always differ to the extent of half a pound of 
sulphate of ammonia per ton of shale — that amount 
being the manufacturing or working loss, 

TicsTiNG Sulphate of Ajjmonia. 

Commercial sulphate of ammonia usually contuna 

24 per cent, of ammonia (N H3) as against the theo- 
retical possibility of 25f per cent. 

The strength is determined by pladng, say, one 
gramme of the sulphate in a glass flask fitted with a 
safety funnel and a delivery tube, which latter dips 
beneath the surface of a standard sulphuric acid solutioQ 
contained in a conical beaker. 50 cc, of water and 

25 c,c. of a 6i° Tw. caustic soda solution are now run 
into the flask through the funnel, and heat is applied. 
After the contents of the flask have been gently bulling 
for half an hour, the cork holding the funnel and 
delivery tube is loosened sufficiently to allow a littl'! 
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of the ateam to escape against a piece of moistened 
turmeric paper, and if the latter turns brown the boiling 
is continued until the steam causes no diseoloration 
when brought in C(tntact with the moistened paper, 
and which is evidence that the whole of the ammonia 
has been dxiven over into the acid. The amount of 
acid neutralised is determined by titration with a normal 
8oda solution, and the percentage of ammonia contained 



in the sulphate is calculated from the results. 


Sulphate of Ammonia Liquor. H 


The variation in gravity of sulphate of ammonia 


liquor due to temperature is given in Table XXXVIII. 


TiBLB XSXVIII. 


Degree. Pahr. 


Gravily in 
Degrees TwaddeU. 


Degreee Fohr. 


Gmvity in 
Degrees TwadJell. 


40 


48i 


130 


43f 


50 


47J 


140 


43 


60 


47i 


150 


424 


70 


46| 


ir.o 


42 


80 


461 


170 


41i 


90 


4C 


180 


40i 


100 


45i 


190 


40 


110 


44J 


200 


39i 


120 


44i 







J 
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Determination of Boiujjg Points. 

The boiling point of an oil is the temperature at 
which the vapours form and pass ofl' to the condenser. 
As the temperature of the vapours continually rise as 
the distillation progresses, and as the boiling point ran 
only be determined by noting the temperature at the 
moment that the first drop of distillate forms, it ia 
olivious that any variation in the distance between the 
outlet of the still and the point where the first drop of 
distillate can be seen, will result in a corrosponding 
variation in the boiling point noted. For instance, if 
the distance between the still and the point where tie 
distillate can first ha seen is 6 inches in one case, anJ 
24 inches in another, it is plain that by the time the 
distillate has travelled the distance of 24 inches the 
temperature of the vapours in the still will Ije higher 
than when the dis- 
tillate bad travelled 
only 6 inches ; and, 
for that reason, it 
is necessary Uiat 
a standard size of 
still and connections 
Id be adopted. 
The Lighthouse Com- 
i. Gi. missioners use the 

form and size of glass 
still shown in Fig. 64, in determining the boiling point 
of oils supplied them— these stills can be easily made or 
supplied by dealers in scientific glass instruments. 




The thermometer A (Fig. 64) ia fastened in the 
fractionating tnbe B by the cork C, ao that its bulb is 
exactly in the centre of the tube B, and so, also, that 
the top of the bulb is level with the top of the delivery 
tube D. The delivery tul)e D is inserted into a glass 
Liebig's condenser, and secured by a cork so that 
1^ inch of the tube projects past the cork. 

After the still has been half filled, heat is to bo 
applied gently, but must be sufficieut to cause a 
thoroilgh ebullition, and as soon as the first drop of 
distillate is seen to fall from the end of the tube D the 
temperature is noted, and that temperature is the 
boiling point of the oil. 

In determining boiling points, as also in fraetion- 
ting oils, the heat applied to the still should only be 
ofticient to cause the distillate to drop from the con- 
lien.'jer, and should never be so great as to cause a 
ttillatc to run in either a continuous or intermittent 
'earn. 

Purification of Crude Oil. 

The company that produces its own, as well as the 
ompany that buys its crude oil, should have frequent 
laboratory purifications made of the oil to see whether, 
in one case, the shale is still yielding the same quality 
oil, or, in the other case, the supply of purchased 
ide oil is keeping up to the contract standard. 
The apparatus necessary for this work is incxpen- 
ivc and consists of : — 
A copper still (Fig. 65). 
A straight tube condenser. 



^ 
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An inverted leg-vise for *' hard " pressing wax. 
A "soft" wax press (Fig. 63). 

A set of metric measuring flasks, and a few gla.'a 
stoppered bottles, beakera, &c. 

The still shown in Fig. 65 consists of the Iwdy A 
(made of -^-^ inch thick copper), into the top of -whidi 
is brazed the threaded ring 
B. The cover C, which is 
threaded so as to screw 
into B, is provided with 
the two slightly tapered 
holes D and E, which 
latter must be carefully 
reamed out so that the 
taper exactly corresponds 
with the taper of the brass 
plug F, and brass fractiooa- 
tion tube O. The centre 
of the cover should be 
provided with the square 
projection H, so that, after 
the still has been cleaned 
and the asbestos gasket 1 
put in place, the cover can 
be tightly screwed down by 
applying a wrench to the 
projection on the cover, 
while the body of the still is fii-mly grasped in both bands 
by an assistant. The fractionation tube ha-ving been 
firmly pressed into its tapered hole, and the still having 
been charged through the plug hole, and the plug 




f 
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inserted, is then placed in a auitable iron ring stand, 
and the distillation effected by means of either a large 
(l-int-h diameter) Bunsen burner, or a 3-inch solid 
riame Fletcher burner. 

The condenser may be conveniently made on the 
principle of an ordinary Liebig'a condenser, the water 
space being formed by a galvanised iron jacket sur- 
rounding a f-inch copper pipe 3 feet long. About 
C inches of this pipe should project past each end of 
the jacket 

The inverted vise is used by wrapping up the 
material to be pressed in a piece of linen and then in 
canvas, and having placed it between two iron plates 
(6 inches long by 4 inches wide and \ inch thick) the 
whole is held between the extended jaws of the vise, 
and then the latter slowly brought to hear on the 
plates. The expressed oil is caught in a tray or other 
suitable vessel placed directly under, and as near to the 
plates as possible. 

The "soft" wax press in intended for the purpose 
of enabling oUs of low cold test to be obtained. Its 
construction is shown in Fig. 66, and the only parts 
that need special explanation are the plates A and B, 
which are best constructed of cast iron and are hollow. 
The space between the two sides a and h is shown in 
the figure as being l^ inch, but if this were reduced to 
§ of an inch, and the remaining f of an inch added 
to the thickness of the sides, it would be an improve- 
ment. The luga c enable the plates to slide on the 
press-frame rods, but as it is better for the plate A to 
be immovable, it is secured in its place by the screw rf. 




The cooling medium La circulated through the plates by 
being admitted through the connection e, and discharged 
through / — the cooling medium being conveyed to and 
from these connectiona through extra strong rubber 
tubing. 




If the crude oil purification is to be made by any 
one who is without the facilities for obtaining coU 
" brine," the cooling of the press and also the material 
to be pressed may be advantageously effected by tJic 
use of liquefied carlwnie acid. Cylinders of this aod 
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can be obtained at a reasonable coat, and the contents 
of one cylinder would be sufficient to enable many cold 
pressings being made. 

As the temperature at which the crude oil ia 
measured should be about 100° to 150° F., and as the 
temperature of the various products when measured 
ranges from 50° up to 150*^ F., it is necessary that allow- 
ances in, volume for variations in temperature be made 
in all cases. The coefficient of expansion is not exactly 
the same for both light and heavy oils, but the differ- 
ence is so small that an allowance of 1 per cent, in 
volume for every 25° F., ia sufficiently correct for 
practical purposes in all cases. 

Supposing the still to be ready for charging, and 
that the temperature of the litre (1000 c.c.) of crude 
oil ia 145" F., then:— 145°- 60° = 85° above the 
standard temperature, and 85 -=- 25 = 3"4 per cent, 
more oil must be added, or, in other words, the still must 
be charged with 1034 c.c. of crude oil at a temperature 
of 145° F., in order to equal 1000 c.c. at 60° F. 

The distillate should run from the condenser in a 
constant but very small stream, and when 75 per cent. 
of the oil has distilled off, the water in the condenser 
should be allowed to heat up. When the distillate 
reaches an almost black-red colour the supply of heat 
should be shut off, and any distillate from that time be 
collected separately and designated chrysene. 

The main portion of the distillate (which from a 
good crude oil will be equal to about 94 to 95 per cent 
of the crude oil charged into the still) having been 
measured (and allowance for temperature made) and its 
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specific gravity having been determined, it ia placed in 
a bottle, and after being cooled to about 100° to 120°?. 
is to be shaken for fifteen minutes with 5 per cent of 
148° Tw. aeid. It must then be allowed to settle for 
eight hours at a temperature of 100° F., and having 
been decanted into a clean bottle (so that all the oil 
and no acid tar is obtained) it is to be shaken for five 
minutes with an excess of 65° Tw. caustic soda solntioa 
and settled for about two hours at a temperature of 
about 100° F. The clear oil having been thoroughly 
separated from any soda tar is now to be measured, and, 
its specific gravity having been determined, charged into 
a clean still. 

In making the following (second) distillation it is 
customary to introduce steam into the still by replacing 
the plug (P, Fig. 65) by a eork through which passes a 
piece of brass tubing that is continued to the bottom of 
the still, and is connected on the upper end by a piece of 
rubber tubing to a flask or can of boiling water. The 
rubber tube should have a ^-inch hole in it« side, 
through which it can draw air in the event of the supply 
of heat to the steam generator being accidentally with- 
drawn. This hole will result in more or less escape of 
steam, but if it is not provided and the steam generator 
should by some unforeseen cause cool down, it will result 
in a vacuum that wUl draw the hot oil from the atill 
over into the steam generator, and if any water ia left 
in the latter it will be liable to cause a violent explosion, 
not to speak of spoiling the work that has been so £w 
accomplished. 

The distillate from the start of the distillation until 
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the bulk specific gravity reaches 750 constitutes naphtha, 
and its volume generally ranges between 1 and 5 per 
cent, on the erode oil. After the naphtha ia off, another 
receptacle ia placed to receive the distillate, and the 
steam should then be admitted to the atill. This 
second fraction of the distillate is lat stage burning oil, 
and should be run until a drop of the distillate from 
the condenser worm or pipe shows was when placed on 
a cool (35° F.) surface, and as soon as that point is 
reached the distillate is to be caught in another re- 
ceptacle, which must be capable of holding the rest of 
the distillate. The third fraction is " heavy oil," and 
consists of all the oU from the last named point, down 
to the coking of the atUl. 

After all the water has been separated, the two last 
fractions are to be carefully measured and, after their 
specific gravities have been determined, the " heavy oil " 
fraction is to be placed on one side while the burning 
oil fraction is to be treated with 2 per cent, of 170° Tw, 
acid and an excess of €5° Tw. caustic soda, and then, 
I after the determination of the specific gravity and 
I Volume, it is to be subjected to another distillation 
aided by steam. 

This time the distillate is to be taken off in two 
fractions ; the first consists of the oil from the start 
until the bulk specific gravity reaches 810, or, if the oil 
taken from the condenser end and cooled (as above) 
shows wax before the bulk specific gravity is 810, the 
fraction consists of the oil from the start until the first 
trace of wax begins to show. In either case, this frac- 
tion is termed " burning oil." The second fraction 

R 2 



2^4 MINERAL OILS AND BY-PRODUCTS 

is the oil run from the above pomt, to the end of tk 
distillation, and is tenned "heavy oil." 

The two fractions are to be measured, &g, wA. ik 
burning oil one placed on one side while tlie other is tone 
mixed with the heavy oil from the previous distillstift 
and the mixture allowed to cool slowly to a tempentaii 
of about 50° F. 

Supposing the mixed heavy oils have been oooW 
over night, the now solid mass is cut into pieces of» 
euitable size and pressed in the " vise." In doing tte 
work it is unwise to attempt to press too much at I 
time, and the mass should rather be pressed in four* 
iive separate portions until almost free from oil, lal 
then these preased portions should be mixed and Bib- 
jected as one to a final pressure for five or sis houra. H 
this pressing is carefully done a final pressure of tin 
equivalent of 140 lbs. hung on the end of the visehMtU' 
(3 feet long) can be exerted without bursting the cloi 
containing the wax. 

This operation being completed and the "hari' 
wax placed on one side for the present, the eiprevi 
oil or " hard squeezings " are measured, &c., and tlrti 
cooled to 15° to 20° F. and pressed in the soft wu 
press. The "soft" wax resulting from this pressiflg 
is placed on one side, and the " soft " squeezings, ftftff 
being heated to 70° F., measured, 4;c., are placed in ti* 
still together with about 200 grains of solid caustic sok 
and distilled with the aid of steam, and the distilUte 
should be caught in 50 c.c. fractions and the order 
the fractions carefully marked on the receptacles. 

Supposing that the burning oil from the previoiB 




distillation had only been run to a bulk specific gravity 
of 803, it will now be necessary to add fractions (start- 
ing with No. 1) from this last distillation until the 
bulk Bpecific gravity of the burning oil has been in- 
creased to 810. That having been done, it is necessary 
to now take the last fraction and (working backwards) 
add the preceding fraction to it, and so on until an oil 
of 888 bulk specific gravity is obtained ; the resulting 
oil will be untreated lubricating oil. Should any 
fractions or part of a fraction be left over it must be 
measured, specific gravity taken if the quantity is large 
enough, and be reported as " Intermediate " oil. 

The 810 specific gravity burning oil is now to be 
treated with 3 per cent, of 170° Tw. acid and 4° Tw. 
icanstic soda, and then constitutes refined burning oil. 

The untreated lubricating oil is treated with 3 per 
cent, of 170" Tw. acid and 4° Tw. caustic soda, and then 
reported as Finished Lubricating Oil. 

The waxes from the "vise" and "soft wax press" 
sre weighed (separately) and the weights divided by 
*81 (to convert them into volume), and the melting 
points and percentage of oil having been determined, 
the waxes are respectively reported as Hard and Soft 
Crude Scale. 

Reporting Kksults. 

In calculating the percentages, &c., prior to filling 
up a report, it is always necessary to make a few other 
calculations also, for the reason that in a laboratory 
purification it is impossible to press the heavy oils, &c., 
without losing a comparatively large amount of oil due 
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to absorption by the press cloths, Slc. &a On the 
working scale this loss is small owing to the cloths, kc, 
being in constant use, and only absorbing a very email 
amount of oil compared with the amount that is passed 
through them. For laboratory work it is usual to argue 
that no oil is lost by the pressing process, and there- 
fore we will suppose that the percentage of mixed 
heavy oils before pressing was 45, and that after press- 
ing 7 per cent, of hard wax and 34 per cent, of hard 
squeezings were obtained. This would give a total 
of (34 4- 7 =) 41 per cent, as against 45 per cent., or 
a loss of 4 per cent. 

The 34 per cent, of hard squeezings after being soft 
pressed, we will suppose, gave 4 per cent, of soft wax 
and 28 per cent, of soft squeezings, or a loss of 2 per 
cent. 

The above figures show that the hard squeezings 
should have been equal to {45 — 7 =) 38 per cent., and 
therefore if 34 per cent gives 4 per cent, of soft wax, 
38 per cent, would give (34 : 38 ;; 4 =)4'47 per cent of 
wax. The percentage of soft squeezings obtained was 
28, but 4 (= per cent of soft wax) deducted from 34 
( = per cent, of hard squeezings) gives 30 per cent, if bo 
loss takes place, and therefore if 34 per cent gives 30 
per cent, 38 per cent would give (34 : 38 : ; 30; =) 
33 '53 per cent, of soft squeezings. These calculations 
must be earned out for the sciueczings treatment, and 
for the burning oil, intermediate oil and lubricating oil 
from the last distillation. 

The following is a most convenient way of reporting 
the results of a laboratory purification. 



l?UT\ficaiiim of.... 



Sp.Qt. ^ 



Grade oil 
Oboe-nmoil 

„ „ after treatment with 5 per oant. acid {14B°I 

Tw.) i 

No. 3 oil. after treotroeiit with exaeaa of cauBtio «odal 

(65° Tw.) / 

No. 4 oil, after distillation :— 

Naphtha 

Baming oil (Irt glago) 

Heary oil 

Burning oil :-— 

latBtiigebimiiiigoil(No.6),afteitieatineut,2 perr«nt.'l 
acid (170° Tw.), and eiceea caaatio soda (6S° Tw.) / 
No. 8, after dUltllation :— 

Boniingoil 

Heayy oil 

BtUfling nils (Noe. 9 find 16), after treatment, 2 per ceat>l 

add (17tP Tw.) iind bicchh onustiu soda (i° Tw.) . ' 

BesTf oils (Nofl. 7 and 10) cooled to 5(1" P. and proaaod :- 

Haid crude wax. M.P. .... containing ... pec cent. 

Hard sqaecEiagB 

No. 13 ooulod to 20° F. and pressed :— 
6oft erode wax. ftLP. ■ . . , coutoiiiurig . . . per cent, of oil 
Boft 



No. 15 oil after distillation off catutic soda : — 

Burning oil 

iDtermediate oil 

Untreated lubricating oil 

No. 18, after treatment, 3 per cent, acid O'0° Tw.) 1 

oanaUo soda (4° Tw.) / 



Fmsmo) PBODT10T8. 
NaphUia (No. 5> 

Unming oil (No. 11) 

Intermadiato oil (No. 17) 

Hard and boR crude wax (Nos. 12 and 14) M.P. . . .t 
(caloulaled) / 



Knished lubricating oU) No. 19) |^ 
Total 



:aold test . 
viacoait; . 



Date... 
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Distillation veravta Treatment. 
It will be remembered that it was stated under the 
heading "Refining" that the crude oil purification 
started with a treatment, gave a lower yield and do 
better quality products than a porifieation started witii 
a distillation. The truth of that statement can be seen 
by referring to Table XXXIX., in which is also shown 
the result of distilling the crude oil off caustic soda. 

Table XXXTX 







FiniBlMd Prodnct. 


Bv Dijtillslion 
maimai. 


By»nAoid 

and Soda bmt- 

ment. 


By DijitiUatide 

otf Solid Ciutia 

Soda. 




8p.Gr. 


PerMnt. 


8p. Qr. 


POTOenl. 


Sp.Or. 


Porwt 


Napbtba . 
Bnmiag oil 

Hud And Boft mxes . 
Labrioftting oil 
Intermedute oil 


Nil 
811 

M.P. 
llTf 
885 
868 


NU 
33'66 

11-45 
22-02 
6-95 


NU 
811 

MJ. 
119i» 
886 
861 


NU 
31-26 

10 -so 

19-12 
7-90 


NU 
811 

M.P. 

119J- 

885 

852 


Sil 
32-61 

11-60 
22-62 
904 


Total . 




7S-08 




68-68 




7B-5T 



The distillation off caustic Boda not only results in ft 

larger yield of finished products of excellent quality but 

also allows of the crude oil being directly fractionated in 

^ naphtha, burning oil and heavy oil (No. 5, 6 and 7 of 

I the purification Reporting form), and thus does away 
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ntb the acid and soda treatmenta and distUlation of the 
nce-run oU. This raethod of working of courae results, 
y the usual method of recovering soda from coke, in 
he loss of coke for fuel, but the loss would be small 
ftnpared with the saving effected by doing away with 
te once-run oils treatments and distillation, and, be- 
;, there is no reason why a still furnace could not 
k constructed so as to consume soda coke so that 
ifficient heat would result to distil the oU, and at the 
time the ashes containing the soda could be saved 
kd the soda recovered. 



Difference between Laboratory and Works 
Results, 

The yield of finished products obtained on the 
itorking scale is usually 3 or 4 per cent, less than that 
ibtained on the laboratory scale, and is due princi- 
)ally to insufficient condensing capacity — whereby a 
arge amount of oil passes into the atmosphere in the 
orm of vapour. 

Analysis of Crude Oil Coke. 

The average composition of the coke from the crude 
>il stills is : — 



Carbon 


. 97-96 per cent. 


Sulphur . 


0-26 ;„ 


Aoh (earthy matteie) . 


1-78 „ 



Analysia of Gas from Henderson Retorts. 
Specific graTity (olr = 1) 0-250. 



Composition :— 




OlefiaQt gne 


2-19 per cent 


Marab „ 


. 34-20 „ 


Hydrogen . 


64-44 „ 



Analysis of Sackiiig or Canvas ttscd in the Pressing 
Department. 

Hemp and flax sacting is often adulterated or 
cheapened by an admixture of Phormium tenax, and, 
in order to detect the presence of the latter fibre, the 
warp and the weft of the sacking are separately moist- 
ened with chlorine water and then a few drops of aqua 
ammonia are added. If Phormium tcnax is present it 
will turn a violet red, while the hemp will turn a pale 
rose-pink and the flax will remain colourless. 



Specific Gravity of Waxes. 

Table XL. gives the specific gravities of different 
melting point waxes at various temperatures. This 
table was compiled by the Author, and first published in 
the ' Journal of the Society of Chemical Industry.' * 



^ 



' Vol. viii. p. 162, 



SPECIFIC GRAVITY OF WAXES. »5'^^ 


Tablb XL. ] 


Temp. 


SpeciSc Oiavitj of Mglten Waxea. 1 


"9. 


K.P. 
108° 


H.P. 

114° 


M.P. 
120i" 


M.F 
122i= 


M.P. 
12Z)= 


M.P. 
128J° 


1331° 


160 


770-69 


771-93 


773-91 


770-79 


770-93 


775-73 


777-23 


155 


771-19 


773-30 


776-31 


771-49 


771-63 


776-63 


778-53 


150 


773-09 


774-73 


77G-57 


773-19 


772-83 


778-03 


780-03 


145 


775-09 


776-20 


777-77 


775-19 


774-63 


779-73 


781-53 


140 


776-79 


777-63 


778 '47 


776-89 


776-33 


781-33 


783-33 


136 


778-99 


779-53 


781-47 


778-69 


778-43 


788-03 




180 


780-49 


781-13 


782-67 


780-29 


779-73 




_ 


125 


781-99 


783-43 


784-41 










130 


783-59 


784-73 












125 
60 


785-29 














Bpealfio Gnrit; of Solid W&xm. 1 


M.P. 


M.P. 
llir 


M.P. 

120i'' 


M.P. 
122i= 


K.P. 
1251° 


M.P. 

131° 


875-25 


882-30 


898-95 


901-05 


903-60 


908-65 


Chrysene. 1 


The thick, heavy substance that distils over at the 
finish of the cruJe, heavy resiJaums and soda distilla- 
tions, and which has been previously referred to as 
chrysene, is a mixture of that substance with heavy 
oils and tarry matter, and in order to separate the 
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chrysene the mixture must be treated in the following 
way. 

About 2 or 3 lbs. of the hot 200° F. chrysene (as 
made at the stills) are poured into about half a gallon 
of warm 90° to 100° F. refined burning oil, and the 
mixture thoroughly stirred for five or ten minutes, and 
then allowed to cool slowly. After about ten to twelve 
hours the, now, dark-coloured burning oil may be poured 
off very cautiously so as not to disturb the yellowish- 
coloured sediment that will be found at the bottom of 
the vessel. The vessel and its contents having been 
heated over a steam bath to a temperature of about 
200" F., another half gallon of warm burning oil a 
added, stirred and allowed to cool. When this second 
lot of burning oil is decanted it will be noticed that it 
is not nearly so dark in colour as the first lot, and also 
that the sediment has become more disintegrated and 
lighter in colour. The washing process must be re- 
peated eight or ten times, or until the decanted burning 
oil ceases to be discoloured, and when that point is 
reached the sediment should be thrown into a large 
funnel lined with a piece of linen, and there washed witli 
three or four successive quantities (of about half a pint 
each) of refined naphtha, and then, after being allowed 
to thoroughly drain, it should receive two washings with 
gasoline. The sediment is now spread on a piece of 
clean linen and allowed to dry, the resulting dry yellow- 
coloured powder is pure chrysene. 

No particular use has been found for this substance, 
and it is rather a chemical curiosity than anything 



extraction of phenols. 

Extraction of Phenols. 

The phenols contained in the soda tar resulting from 
the once-run oil soda treatment, can be extracted and 
purified by — 

First 3team about twenty gallons of the tar with 
open steam for three or four hours and then allow to 
settle. In about an hour, more or less panifiin oil will 
have risen to the surface, and after it has been removed 
the tar is to be made very slightly acid by the cautious 
addition of weak (40° Tw.) sulphuric acid with constant 
stirring. Allow this acidulated mixture to settle for 
eight to ten hours and then skim ofi" the crude phenols 
(which have come to the top in the form of a black oil) 
and redissolve them in a slight excess of weak (10° Tw.) 
caustic soda solution, and heat to 150° F. with open 
steam. Allow to stand one hour, and remove any 
traces of paraffin oil that come to the surface, and then 
acidify with weak acid. This process is repeated until 
the soda solution of the phenols ceases to give up any 
paraffin oU, and then the phenols are finally liberated by 
acidification, and placed in a tightly closed earthen or 
glass jar, together with a pound or two of coarsely 
broken fused chloride of calciunl. The jar and its 
contents must now be kept at a temperature of 100° to 
120** F. for three or four days, and then the phenols are 
to be carefully decanted into a dry jar containing a 
pound of broken fused chloride of calcium, and kept for 
another three or four days at a tempcraturo of 120° F. 
or so. The phenols will now be sufficiently free from 
moiBtiue to enable them to be distilled. 
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The distillation of the crude phenols must be stand 
very cautiously, as it is practically impossible to enliid 
free them of moisture, and the presence of very 
moisture will cause them to " foam " and boil ova. 
The still should be only |th full, and the heat shonldli 
applied so that it takes at least two hours tn bring ik 
still's contents to the distilling point ; and also thettf 
of the still should be covered with pieces of bmnaj 
ubarcoal so as to prevent any moisture from condensig 
and dropping back amongst the hot phenols. TV 
water that distils over must be carefully sepantei 
and, by distilling slowly, the phenol distillate cin V 
obtained practically free from moisture. This distills 
must now be redistilled three or four times off so!*! 
caustic soda before it will be sufficiently pure U 
fractionation. 

A glass flask or still, and glass condenser should U 
used in fractionating the phenols, because the distiiUs 
would be more or less discoloured by coming in conliS 
with iron or copper, A glass still similar to Fig. W 
will fill all requirements, and after the distillation 1* 
started the distillate is run into 4-oz, bottles 
bottle being provided for each 10" of boiling point (i*. 
if the distillation started at 120°, the first bottle wonW 
be marked, and contain the distillate distilling i>veT 
between 120° and 130°). When all the bottles lave 
been filled (by recharging the still a sufficient Dnmlw 
of times) they are to be arranged in their order 
boiling points, and, the still and condenser having bea 
thtjroughly cleaned, the contents of the bottle containing 
the lowest boiling point fraction ia placed in the rtiH 
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and redistilled. The redistillation will result in a 
alightly lower boiling point at the start, and a certain 
amount of residue being left in the still, but only that 
distillate that comes over between the temperatures 
designated must be run into the bottle (which latter 
must have been previously cleaned). The residue left 
in the still should be placed in a bottle common for all 
the residues, and then the stUI is to be charged with the 
nest higher boiling point fraction, and so on until the 
contents of all the bottles have been redistilled in their 
proper order. 

After the redistillation of the last fraction, the still 
and condenser must be cleaned and then recharged with 
the liglitest fraction again, and so on until each fraction 
has been separately redistilled ten to fifteen times, or, 
until the boiling points are constant (i.e. until the 
temperatures at the start and the finish of the distilla- 
tion are the same as the figures on the bottle call for). 
Each fraction, oh soon as it has been distilled for the 
last time, should be hermetically sealed in a glass tube, 
because the oil quickly oxidises and discolours even if 
placed in corked or glass stoppered bottles. 

The tubes should be marked 

Normal Phenols. 
B.P °to ....°F. 

In fractionating an oil it is important that the 
rate of distillation should be very regular, and, in 
order to properly regulate it, it is advisable to oc- 
casionally count the number of drops per m inute or 
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Extraction of Oily Bases. 

The preparation of oily bases from the acid 
the onee-run oil treatment is effected by, first of il, 
steaming 15 to 20 gallons of the tar for fiveoraiilimia 
The paraffin oil that comes to the surface must be » 
moved and then the acid is to be neutralised ki 
weak caustic aoda solution and allowed to settle ill 
temperature of about 150° F. until the bases itfl 
separated and risen to the surface. This part of tW 
operation can be dispensed with by taking, say, 2 gaI!«B 
of bases from the alkaline cracker boxes (if lecoveo^ 
acid is used in the sulphate of ammonia manofacOn^' 
Whether the crude oily baaea are obtained direcli&B 
the acid tar or from the cracker box does not alter ft« 
treatment to which they must now be subjected, mi 
which consists in redissolving them in a weak sulphinit 
acid, separating any paraffin oil, and then Uberali^ 
them again by neutralisation of the acid with wdl 
cjiustic soda solution. This process should be repeated 
four or five times, and after the final liberation th» 
bases should be placed in a jar together with 3 cr 
4 lbs. of coarsely broken caustic soda, and the jar, Iw^J 
been tightly closed, is to be kept at a temperature rf 
150° for three days, and occasionally well shaken during 
that time. At the end of the third day the eontentt 
of the jar are to be decanted into another jar coni 
2 lbs. of broken caustic soda, and then kept at a tem- 
perature of 150° for a week, at the end of which 
the bases should be sufficiently dry for distillation. 

The process now is exactly the same as that adopte 
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Kin the case of the phenols. When the fractional distil- 
Bations are started it will be fouad that the baeea contain 
■more or less moisture, and great care must be exercised 
Ed heating the glass still at the start. The Vjases 
nppear to have a strong affinity for small quantities of 
nooistare, and absorb moisture from the air very rapidly, 
bud it is therefore a good plan to keep a stick of caustic 
fcotash or soda in all the receiving bottles for the various 
fractions, as by so doing the bases are prevented from 
absorbing as much moisture as they otherft'ise would. 



Preparation of Normal Paraffins. 

The normal paraffins are best prepared from 735 
Specific gravity naphtha by treating the latter in the 
following way. 

Two gallons of naphtha are run into a carboy (A, 
Fig. 67) which is fitted with a condenser (B) and con- 
nection (C) common to the funnel (D) and air inlet pipe 
^E), and placed in the tub (F). After a supply of 
»ld water has been turned into the condenser jacket 
ind allowed to overtlow into the tub F, one quart of a 
mixture of one part of fuming nitric acid and one part 
of strong sulphuric acid is poured into the carboy 
through the funnel D, and, having placed a plug (M) on 
the funnel, the mixture of acids and naphtha is to be 
ftgitated by connecting E with an air blower (Fletcher's 
foot bellows answer the purpose well). After a few 
ninutes' agitation, the contents of the carboy will com- 
mence to heat, and may possibly got sufficiently hot to 
jCauBc the naphtha to di.stil, and in that case the agitation 
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must be stopped. 


After the action between the acid 


and naphtha has s 


topped and the contents of the rarb<^ 


1 


liave cooled down to 70' to 80" F„ 


another quart of the mixed acids h 






to be poured into the carlioy and 
then agitated and cooled as above. 
This operation is repeated until 
2j gallons of the mixed acids havt 
been added, and then a final ad' 
dition of one quart of sulphuric acid 
is made, and after thorough agitation 
the contents of the carboy must be 
allowed to settle for about ten hours, 






but the water must not be shut off 
from the condenser, because if it is, 
it will result in a considerable loa 
of light naphtha vapours. 






The contents of the carboy will 
separate into three layers ; tfce 
bottom one will be dark red ift 
colour and have a gravity of abort 
118° Tw., the middle one will 1* 




^J^ 


lij^^" 


cherry coloured and have a gravity 


^SMi 


of about 15° Tw., while the top one 


will have a reddish colour and specific 


^^^^^^M 


gravity of about 75 5. The top Uyer 


l^^^^^y 


should be placed in a bottle maAed 
" Impure Normal Paraffins," and 


F.O. 67. 




after the addition of half a pound of 


Bolid caustic soda 


' should be placed on one side, ant 


^ occaaionally shaken, for two or three days. This sodH 
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treatment will extract the nitro-compounds formed in 
the previous process. After the oil haa been carefully 
decanted from the soda it must be shaken with suc- 
cessive portions of strong sulphuric acid until the final 
acid treatment fails to discolour the acid, and when that 
point ia reached we have pure normal paraffins. 







Table 


XLI, 






Boaing Point. 


Spcciflo 
Gn.»lty. 


Boiling Point. 


Sp^ao 


koe^iS. 


F-htenheit. 


Centime. 


Degrees 

Fiihrenheit. 


Qrantj. 


Koo-no 


212-230 


■703 


210-215 


410-119 


■770 


Kio-120 


230-248 


•709 


215-220 


419-428 


■772 


K20-125 


248-257 


-714 


220-225 


428-437 


•773 


ftss-iso 


257-266 


■720 


225-230 


437-446 


■774 


Bso-iae 


266-275 


■728 


230-235 


446-455 


■776 


Bs^-uo 


275-284 


■733 


235-240 


455-464 


■778 


H40-150 


284-302 


■737 


240-245 


464-473 


■7785 


piso-ifio 


302-320 


■742 


245-250 


473-482 


■7795 


160-165 


320-329 


■747 


250-255 


482-491 


■7815 


lf.5-170 


329-338 


■750 


255-260 


491-500 


■7835 


170-175 


338-,S47 


■752 


260-265 


500-609 


■7846 


175-180 


347-356 


-7,53 


265-270 


509-518 


■787 


180-185 


356-365 


•7655 


270-276 


518-527 


■788 


185-190 


365-374 


■7585 


275-280 


527-536 


■790 


190-195 


374-383 


■761 


280-200 


536-5.54 


-793 


19.5-200 


383-392 


■765 


290-295 


554-563 


-797 


200-205 


392-401 


■7665 


295-300 


563-572 


■799 


205-210 


40H10 


■768.5 
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The pure parafl&ns must be neutralised with a weak 
solution of caustic soda, settled about ten or fifteen 
hours, and are then ready for fractionation. 

Table XLI. shows the specific gravities of the 
paraffins after the fractions have been redistilled eight 
or ten times ; and Table XLII. gives the names, boiling 
points and chemical formulae of normal paraffins. 







Table XLII. 




Name. 


Boiling 
Point 


1 Chemical 
Formula. 






°C. 




Octane .... 


• • 


124 


^8^18 


Nonane . 










132 


CjH.^ 


Dccano . 










161 


C10H22 


Undecane 










182 


C11H24 


Dodecane 










198 


CiaHjg 


Tridecane 










217 


CijHjg 


Totradecane 










238 


C14H30 


Pontadecano 










268 


C15H32 


Hoxadecane 










278 


C16H34 


Heptadccano 










298 


Ci^Hg^ 
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Tablb XLIII. 
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0= TwaddoU a 


d 0" Baume = 1000 specific gravity. ^^^| 


EquiTSlmit of T«»ddell Degreoa in Baum^ Degrees and Specific Gravity. 1 


Timd- 
dfU. 


Banme. 


Specific 
Gravitj. 


Twad- 
dell. 


Baume. 


Specific 
Gravity. 


Twad- 
d«l[. 


B.„... 


Specific ' 
Grarity. 


1 


0-7 


1005 


31 


19-3 


1155 


61 


33-7 


1305 


2 


1-4 


1010 


32 


19-8 


llfiO 


62 


34-2 


1310 


3 


2-1 


1015 


33 


20-3 


1166 


63 


34-6 


1315 


4 


2-7 


1020 


84 


20-9 


1170 


64 


35-0 


1320 ' 


5 


3-4 


1025 


35 


21-4 


1176 


65 


36-4 


1325 J 


6 


4-1 


1030 


30 


220 


1180 


66 


36-8 


1330 1 


7 


4-7 


1035 


37 


22-5 


1185 


67 


36-2 


1335 


P 8 


5-4 


1040 


38 


23-0 


1190 


68 


36-6 


1340 


9 


G-0 


1045 


39 


23-5 


1195 


69 


37-0 


1345 


10 


6-7 


1050 


40 


24-0 


1200 


70 


37-4 


1350 


11 


7-4 


1055 


41 


24-5 


1205 


71 


37-8 


1355 


13 


8-0 


1060 


42 


25-0 


1210 


72 


38-2 


1360 


13 


8-7 


1065 


43 


25-5 


1215 


73 


38-6 


1365 


14 


9-4 


1070 


44 


26-0 


1220 


74 


39-0 


1370 


15 


10-0 


1076 


45 


26-4 


1225 


75 


39-4 


1375 


16 


10-6 


1080 


46 


26-9 


1230 


76 


39-8 


1380 


17 


11-2 


1085 


47 


27-4 


1235 


77 


40-1 


1385 


18 


11-9 


1090 


48 


27-9 


1240 


78 


40-5 


1390 


19 


12-4 


1095 


49 


28-4 


1246 


79 


40-8 


1396 


20 


13-0 


1100 


50 


28-8 


1250 


80 


41-2 


1400 


91 


13-6 


1105 


61 


20-3 


1255 


81 


41-6 


1405 


22 


14-2 


1110 


52 


29-7 


1260 


82 


42-0 


1410 


23 


14-9 


1115 


63 


30-2 


1265 


83 


42-3 


1415 


24 


16-4 


1120 


54 


30-6 


1270 


84 


42-7 


1420 


25 


16-0 


1125 


55 


31-1 


1275 


85 


43-1 


1425 


26 


lfi-6 


1130 


56 


31-5 


1280 


Bfi 


43-4 


1430 


27 


17-1 


1135 


67 


32-0 


1286 


87 


43-8 


1435 


28 


17-7 


1140 


68 


32-4 


1290 


88 


44-1 


1440 


29 


18-3 


1145 


69 


32-8 


1295 


8'J 


44-4 


1445 


30 


18-8 


1150 


60 


33-3 


1300 


90 


44-8 


1450 
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1 




0^ Twaddell and 0° Banme = 


1000 specific gravity. 


Eqa 


Tntcnt of Twaddell Deeroea in Bm 


uf Degrees and Specific Oiaritj. 


T*nd- 
daU. 

91 


B»umi 


GraTity. 


Twad- 
dell. 


Baum& 
54-4 


eipecillc 
Uiurit}-. 


TwBd- 
dell. 


Baom^ 


1755 


451 


1455 


121 


1G05 


151 


62-1 


92 


45-4 


14fi0 


122 


54-7 


1610 


152 


62-3 


1-60 


93 


45-8 


1465 


123 


65-0 


1615 


153 


62-5 


i-ts 


94 


46-1 


1470 


124 


55-2 


1620 


154 


62-8 


1770 


»5 


46-4 


1475 


125 


55-5 


1625 


155 


63-0 


1775 


96 


46-8 


1480 


126 


55-8 


1C30 


156 


68-2 


17«0 


97 


47-1 


1485 


127 


56-0 


1635 


157 


63-5 


178S 


98 


47-4 


1490 


128 


56-3 


1640 


168 


63-7 


1790 


99 


47-8 


1496 


129 


56-6 


1645 


159 


64-0 


1795 


100 


48-1 


1500 


130 


56-9 


1650 


160 


64-2 


1800 


101 


48-4 


1505 


131 


57-1 


1C55 


161 


64-4 


1805 


102 


48-7 


1510 


132 


57-4 


1660 


162 


64-6 


1810 


103 


49-0 


1515 


133 


57-7 


1665 


163 


64-8 


1815 


104 


49-4 


1520 


134 


57-9 


1670 


164 


65-0 


18i0 


105 


49-7 


1525 


135 


58-2 


1675 


165 


65-2 


18SS 


106 


50-0 


1530 


136 


58-4 


1680 


166 


65-5 


1880 


107 


50-3 


1535 


137 


58-7 


lli85 


167 


65-7 


1835 


108 


50-6 


1540 


138 


S8-9 


1690 


168 


65-9 


1840 


109 


50-9 


1545 


139 


59-2 


1695 


169 


66-1 


1845 


110 


61-2 


1550 


140 


69-5 


1700 


170 


66-3 


1850 


111 


51-5 


1555 


141 


59-7 


1705 


171 


66-5 


1888 


112 


51-8 


1560 


142 


60-0 


1710 


179 


6fi-7 


1800 


113 


52-1 


1565 


143 


60'2 


1716 


173 


67-0 


1865 


114 


52-4 


1570 


144 


eo-4 


1720 








115 


52-7 


1575 


145 


60-6 


173S 








llfi 


53 


1580 


146 


60-9 


1780 








117 


53-3 


1585 


147 


61 1 


1735 








118 


53-6 


1590 


148 


61-4 


1740 








119 


53-9 


1595 


149 


61-6 


1745 








120 


54-1 


1600 


160 


61-8 


1750 

il 


■ 


■ 


J 



PATENTS 



RELATING TO 



rHE SCOTCH MINERAL OIL INDUSTRY 



INDEX OF SUBJECTS AND PATENTEES. 



SUBJECTS. 

Ibsorbing or ^ooke " tower—by James Young . 

„ „ William Yoaog 

' Coke" tower— by James Yoong 

M „ William Young . 

)ooliDg oils— by P. M. Grane and D. McGrath 
bracking— Pat. No. 3345, year 1865 . 



n 
n 
ft 



»» 
»♦ 
» 



1697 

876 

2588 

2950 

50 

305 

13016 



»> 
It 

n 
»• 

w 



1866 
1869 
1869 
1869 
1870 
1871 
1889 



distillation of bituminous minerals — by H. Aitken 

J. Barrow 



»> 
»* 
♦♦ 

n 

f* 
t» 
»» 

n 
♦♦ 
»» 
»t 



f» 
•f 
♦* 
t» 

M 
H 

** 

♦» 

» 
»» 
f» 



»» 
>♦ 
f* 
J* 
»» 
l» 
n 
w 

I* 
»♦ 
»» 

91 



J. Bell 

George Bennie 

William Brown 

J. Bohrer and A. P. Price 

William Cormack 

William Croseley 

P. Dow . 

N. M. Henderson 

John Immy . 

A. N. Inkerman 

J. Jameson . 

J. Jones 

Edward Mvldruni. 



PAOB 

297 

303 

297 

303 

294 

281 

285 

291 

202 

293 

293 

293 

324 

319 

313 

302 

304 

270 

288 

277 

:^14 

318 

316 

308 

322 

311 

322 

301 



MINERAL OILS AND BY-PRODUCTS. 



DiBlillntinn uf bi turn moos minc-ralB- b; K. K. Milting 

H. L. PsttinsoD . 
„ „ _ Jobn Perkiua 

„ „ liubert Porter 

R. B, Ttiweat 
„ ., ,. JniQ>'a YuuDjE 

„ „ „ WilliBtn Toune . 

„ „ ,. WUIiBJn Tonng. A. Seat*. 

W. W. Btevem 
„ „ „ Paul Wflgonm&DD 

DUtillnlion of bidimittom mitionib — 

rellod retorts — by Edirnril Mddrum .... 
cnntinuoUB, by auperhattL'd ateMn only— bf Jitmea Toimg 
roatinunua iielf-&atiiig relorla — by JoIid Gibbon 
cnntiDuonBl}r, by hot gasee — by Jaiuca Young . . . 
bigL and low heata — by William Young .... 

hoi gaaes — by James Young 

introduction of air or gaa — by Cfaarlea Humfiey 
reTolving relort — by J. F. Brinjes ..... 

„ „ J. P. Raeborn 

„ ,. Jame« Yonng 

rioU in sulpbur^-by C. tIcLBren Irvine and Robert Slater 
speeiai iipparBtQa—by B. P. Walker ftoi! J. A. B. Beonett 

special metbod — by A, Munrc 

., „ Jolin Young , . . . , 

Bpecial melbod of heating retorts — by William H. Tonng 
epeoiul retort nnangemont — by W. M. Fraaer nnd J. Snodgiaal 

apecial retorU— by J. G. Bboktou 

G. T. Beilby .... 
„ TIjomaa Boll ... 

„ „ T. N. Bpnnie .... 

„ P. Brash and William Yonng . 

„ „ Willium Brown .... 

„ „ P. Cunper and M. Bao 

I. „ Allan Craig .... 

„ Andrew Craig .... 

„ „ C. M. Eemot .... 

„ „ Charlea KlcBeatli 

„ „ N. M. HeuderBon 

„ „ Janifs Nic-holas .... 

„ „ George Parkin .... 

William Young and O. T, Beilby 
William Yonng and P. Bmah . 



apepial retorts oi 
Huperhuated ates 



-byB 



rt Griffiths 



—by Jotepli 1'owDscnd 



Distillation of oili— by J. W. Perkin 



WilliHm Young Bud G. T. Boilby . 



INDEX OF SUBJECTS AND PATENTEES. 265 



iDuUllatioD of oils — 

aided by Htesm and nir— by E. A. Bippingille 289 

oriDtoul anhstancea and ateani — bj Jemee Church .... 29S 

continuouslj— by N. M, Hendereuo 312-319 

W.C. Holmes aud J. W.Perkins. .286 

„ A, G. Soulhby 275 

William Ymmg ond G. T. Beilby ... 323 

eraoking — by JLimea Uevar end B. Itnlnood 321 

.. A. C. Kirk 298 

„ Edwanl Meldrum 291 

„ Robert Scott and William Melvor . . . . 2S2 

Llgh-preunre atram— by Joseph Towneetid and P. Fucbes 292 

off alkalira— by Jamea A. Mcintosh 293 

„ „ James Young 890 

spcciul apparatus — by J, A. Coffey 295 

apeoialfmclionBtioTi— by H. W. C. Tweddle 802 

Hpeotal, alow — by P. M. Cram nnd Goot^ Moir .... 294 

special ateam Baporhcatine— by N. M. Heoderaon .... 325 

■pedal still— by H. J, Uaddon 306 

under piiHBuro — by George Shnnd 293 

„ „ James Yonng, jun 281-285 

Discharging retorts — by Guorgo Anderson und Jamee Buclinnau . 298 

J. Ball and Tlioraas Bell 298 

H. Shank! 299 

Pnllers' earth, Pat. No. 235i;, Jaly 27, 18ii8 290 

pBnfGn, Mtiaotion of— by J. Cos and S. Cox 299 

PnriflcBtioaoforudeoil— by P. G.Barry 271 

„ R. A. Brooman and P. Q. Barry . . ,271 

Pnriflcatioii of oils— by C. Hnmtrey 305 

PuiflcHtion of oils — 

gaeeoua mvmatio Bold — by Jamos Yonng 295-296 

hot acid Irentment— by Williiiro Smith 292 

lonriHtlc acid— by Ja.tneB Young 296 

oiidation— by 8. H. Emmpns 295 

Pniifloation of oils and wsies— noid, nlkati and fuUorB' earth — by F. 

Lunbe, A. 0. Bterry and J. Fordred 290 

Purification of ptmffln wal— by James Leach 285 

„ „ W. B. Nation 281 

„ „ .. JameaSoamea and J. K. Boames . . 282 
roflDing. See Purification, 
retorts. See Distillation of biCuminnus mlDerala. 
See PuriScntiou. 



PATENTEES. 

AiUieo, H. Distillation of bituminous minerals. 

Andenon, George, and Buohiuuui, Jamca. Diacharging rctoTts 

Buioir, J. DialiUstion of bituminous mineraU .... 



MINERAL OILS AND BY-PRODUCTS. 



Barry, P. G. Porifloatioa of enide oil 

BwJiloa. J. G. Distillalinn of bitnmiDouti minerals — Hpecial r»u>rt . 
Beilby, O, T. DUtillstimi o( bituminoaB miotmlH — apecial niMt JOMi 

fiie at*) Young. Wililiam, un.i BeUbj. O. T. 

Bell, J. DistillBtioD of bituraiDniu minerBU 

Boll, J., Bwl Boll, ThomHs. DiaaboiKing reUirls 

Bell, Thonuu. Dialillotioa of bilmninouB minerals — Bpeoial retort WW 

Benuic, Geo. DiatillntiuQ of bilumiDoua mitiPralB .... "" 

Bennlu, T. N, DJBtillatinn of bituoiinoae minerals— special retort . 
Braali, P., and Yoimg, WiUiun. Distillation of bituminous miuontla— 

sgxfcial retort 

., St^f aUo YoQng, WilliBm, and Bra-h, P. 

Brinjes, J. F. Distillation of bituminous minerals— revol Ting ivUrt . 19- 
BroDiuBti, K. A., fur Barry, P. G. Treatmeat and fraclioDotion at onide 

oil n 

Brown, Williun. DiettlUlion of bittuuiDons mioersU .... 



Buahftiian, James. Se* Andoraon, George, and BDohanan, James . . 
Bulirer, J., and Price, A. P. DistillaCion of bituminoiui minerals . 

Chiirch, Jami;B. DfsUllatiun of oils, £c.— oontoct labstanoee and stcan . 

Unme, P. tl., and MuGrath, D. Cooling oils 

Crane, P. M., and Moir, Geo. Distillation of oils — special, slow 
Craig, Allan. Diatillation oC bituminooa minenilB — specinl retort . 
Cruig, AudreiT. Diiitillation of bitnmiDoiis minemla — special retort . 
CoflVy. J. A. Distil lation of oila — Bpecisl appanitus . . ... 
Cormack, 'Willium. DistillHtioii of bitamiuous minemls, &c . . . 
Cooper, P., and Cae, M. Difltillatiou of bituminous u 

CoK, J., and Coi, 8. Eitraclion of paraffin 

Croaeley, Willisiu. Diatilklion of bituminous materials . 

Dcwar, James, end Beilwnod, B. Dietillalioa of oils— ctscldng 
Dow, P. Distillation of bitumiuons minsrals .... 

Em mens, P. H. Purifiealion of oils— oxidatioa S* 

Fotbos, P. Ste Townsemi, Joseph, and Forbea, P. 

FordreJ, J, Stn Latnbe, F., aod Sterry, A. C and Fotilred, J. 

Fmser, W. M., and SnodgmsB, J. Diatillutioa of bilunuDoos d 

Gibbon, John. Distillation of bitiuninona minerulB — DonlioaoiiB adf- 

acting retorts 

Griffiths, Bobert. DistilUtion of bituminous mineiata — spi'oial rrtoiti 

Haddon, H, J. Distillation of oila — special still 

Harris, J. Dbtillntian of bituminous mluerals — under partial nurauto . 
Uanderaon, A'. M. DiGtillatioa of bituminons minerals . . . . ' 
,> ,, ,1 n — epuoiat rolort) ■ 



>D, N. M. Diutillatioa of oili — wmtinuoualy . . . 312-319 

• II n — special Bteaiii eupethcating . . 325 

W. 0., ftnd PerklDi, J. W. DiEtiliution ufolle — uuiitiDuoiialjr . 286 
, Chailes. DiitilUtion ofbituminouB ainonlii — iDtruductioD nf 

irgM 272 

'.Charles. PmiflcatioD ofojls 305 

aba. Distillntion of bitaintnoiiB minernla 3I)S 

a, A. Ti. DiitiUation of bitumtnoiu minerals .... 322 
J. MoLsren, aod dialer, Bobert. Diatillalion of biluminoua 

inJu rich id sulphur 313 

I J. DiBtillatian oF bihiniiDoiiB minerala 311 

Diatillution of bitominoug tumer&ls 322 

3. U. DutillatiDuarbitnminonanilaoralH — spodal retort . . 272 

C. DirtJllation of oiln— craoking 293 

F., and Sterry, A. 0-, and Pordred. J. Parificalion of oila and 

M—acid, alkali and fullers' earth . - 290 

■mea. Puriflcatlou of parafBn wax 2S5 

i,Cbarle«. Diatillntiou of bttumiDotu minemU—speciul retort . 287 
, D. Set Crane, P. M., and MoGnith. D. 

1, Jotnea A. Distillation of oiU off alhalies 293 

William. Bet Scott. Bobert. and tlclvor, William. 

, Edward. Distillution of bituminous miQcraU .... 301 

—celled fotoiU . 279 

,. Distillation of oils— cntckiiiF: 291 

E. K. DiBtillatioD of bitumiuoun minerals 311} 

orgB. Sm Craue, P. M., and Moir, Georgo, 

k. Distillution of bitumiuous nuuerals— Bpocinl methods , 297 

V. B. Purificolioa of paraffin nai 281 

Jumea. DistOlaliou of bituminous minsrala — special retort . '2S5 

iewBO. Distillation of liltutninous minerals — apeolnl retort 276 

J. Diitillaliou of bituminuus minerals StUi 

I, H. L. Distillation of bituminiiusiniuerals . . .315 

John. Distillalioo of bitumioous minerals 270 

J. W. DUtillatiou of oils 2S9 

See alio Hohnea, W. C, and Porkins, J. W. 

obert DistlllatioD of bituuiinous mitiorals 298 

P. See Bulirvt, J., and Prioe, A. P. 

jBm Conper, P„ luid Rac, M. 

J. P. Distlllaliou of biluminoua mi uerala— revolving retort . 270 

, See Dewar, J&nies, and Gednooil, 6. 

lie, £. A. DiatiUBlloa of oils — aided by ateam and air . 28!) 

Set Young. Williani, nnd Scott, A., and Stevens, W. W. 

bert, and MclTor, William. Distillution of oils — cruckiii); . ' 2112 



I 



^^^■L-^^^^H 


i68 MINERAL OILS AND BY-PROBVCTS. 

Blmnd. Gcorgft Dialillation of oiIb un.ler pKBturo . . » 

81>BnkB.H. DUcborging reUrti 9 

Slater, R. Btt Ir»mc. C. MoLftren. and Bister. Robert 

Smilb. William. PurificatioD of oi1»-hot arul tnaDucnt . . . . S 

BnodgiBBs, J. &* Fmaor. W. M., and BiiwigrsBs, J. 

Sotuncs. Junes. Puriflration of paraffin wai » 

Sterry, A. 0. S« Lambe, F., and Sterry, A. C. nod Fordred. J. 
Stevens, W. W. Su Young. William, and SooU. A, Mid Ste»e.i». VT. W. 

Bteam . ; M 

TowDBend. Joseph, and Fotbes. P. Dialillalion of oHa-higU pr.-n«« 


Tweddle. H. W. 0. Diatillatioa of oile— speoL-HraotionatioQ , . . »■ 

Walker, B. P.. and Bcnnatt. J, A. B. Diatillaliou of Jntawiuous mi>unl> 
— Hpeeinl apporotua lU 

Young, Jftmea. Ah»ibin[[or*'ejka"lflii'er • 

•■ .. —by hot guea IS* 
>, 1. .. n — conl^n^lOl^a.byI0f«■ 
b■Ated steam on); ■ 9( 
„ „ „ „ — oontinuously by bol 

gaaus a 
— revolying reloK 

DutillationoroilaoffBlkaliii'H . V* 

„ -nmriBtioMid ... :>■ 
YouDg. James, Jan. Distillation of oiIh under pressure :!3l-i* 

Young, Willium. AbBorbiugor'-eoke" towui ....... 

„ DistiilulionofbiliuninDusniiQeraU. . ... 1 

— liigliondlowiiH* « 
— «liecia1 meUiod </ 
heating ret..tt. . « 
Young, William, and Boilby, U. T. DiHtillatioti of bitiimitiauB mtticnb— 

BpBCin] rrtort S 

Diilillalionotuils . . , . ■ 

— Hpecial retort ISMl 






1850, October 17. No. 13,292. 
YOUNG, Jasie-s. " Improremj'nls in Ihe trtalmcnt of certain 
Tntuiruiums mineral stiisliiners, inul in obfaining prmhids therefrom."-^ 
These are, "the obtaining of paraffine oil, or an oil containing 
|)araffine, and paraffine from bituminous coals," by treating them 
«s follows : The coals broken into small pieces are put into a 
common gas retort, with a refrigerator kept at about 55° F. ; the 
retort is then " gradually heated up to a low red heat, at which it 
is to be kept until volatile products cease to come off; care must be 
taken to keep the temperature of the retort from rising above that 
of a low red heat, bo as to prevent as much as possible the desired 
products of the process being converted into permanent gM." The 
coke is then withdrawn, and the retort allowed to cool "below a 
visible red (to prevent the waste of the treah material to be intro- 
dnced), may lie again charged." If desired, some of the matters are 
run from the retort by a pipe " provided in the anterior and lower 
part of the retort." Other arrangements for distilling may he used, . 
"but in order to obtain the largest quantity of crude paraiKne oil 
from coals by moans of this process, and produce the smallest 
'quantity of permanent gaa by the action of the heat employed, 
"Whatever may be the apiiaratua used, care must be taken to heat 
the coals gradually, and to apply the lowest temperature necessary 
to complete the operation." The crude oil is heated to separate 
water and impurities, and distilled ; the distillate is treated with 
sulphuric acid and afterwards with soda, and again distilled. This 
oil is distilled with water to ae]iarati3 a volatile fluid fit for itlumi- 
'ii&tion, the residue separated from the water is treated with 
milphuric acid and afterwards with chalk ; this oil may be burnt 
Jn argand lamps, or, alone or mixed with other oils, is used for 
Rubricating purposes. The parafGn may be separated from this oil 
cooling, Altering it out, and treating it alternately with sulphuric 
Acid and soda. 



1853, February 4. No. 307. 
PERKINS, JOHH. "ImpTOVfmrnts itt the- Irmtmmt of ( 
hituminous mineral milslanees, and obUUniiig prixlucts Ihere/nm."— 
These are, " the obtaining of pamfEne oil, or an oil containing 
paraffine, and paraffine from bituminous mineral Gubstances found 
in the coal formation, and known in tbeir respective localities under 
the name of baBsee, black basses, bats, blaes, greasy blaes, shining 
blaea, coal shales, argillo bitumens, or bituminous argils, bituminoas 
sandstones, and asphalt coals (not including bituminous coal), yield- 
ing bituminous matters by the application of heat." The apparattu 
is of the onlinary character ; "a low red heat will be found to be 
the best temperatiu-e for getting the largest quantity of paraffine oO 
and the least quantity of permanent gas, and naplhaline producte.' 
The paraffine is obtained from the oil by crystallisation, filtr 
treatment by sulphuric acid and washing with water. 



filti^j^ 



1853, August 23. No. 1967. 
BEOWN, William. (Provisional protection only.) " An mprimi 

mode of obtaining volatile proditds from bitamtn/ms foais and alluT 
iniumiwus substances." — This consists in burning theee subsUncH 
"id a furnace so constructed that the upper portion of the charge' 
" is gradually acted on by the heat evolved from the lower portioa 
of the charge, so that the volatile matters " of " the tipper portiwi 
of the charge are driven off before such portion has desconded 
sufficiently low in the furnace to undergo combustion." 

1853, December 20. Na 2958. 
WAGENMANN, Pall. " Imprtwtments in the imnnfadvre oflifuii 
hydrocarbons and paraffin." — These consist in breaking "the cobIs « 
bituminous slate in pieces of about tho size of a walnut, and if the; 
are very sidphiUYiua," " sprinkling them with lime water," and 
drying them in a drying furnace, in preference, particularly oon- 
Btructed. The coals or bitumens are distilled in retorts differing 
from gas retorts by having tbo pipes " letting out the produce of 
I distillation" on "the opposite ends to those where the fire-doon 
I are." The retorts are so arranged in a furnace that the dame from 
one fire is led to the othors, so as " to heat the retorts by * 
graduated beat." Tho tar obtained is mixed with a solution of 
sulphate of iron and heat applied to " 28° or 30° centigrade." The 
tar is now distilled by heat and steam under pressure into the 



ntorta. The distiilato is fractionally collected into three products, 
Ifos. 1, 2 and 3, according to their gravities, and they are further 
fa«at«d, according to their gravity, with certain percentages of 
HDlphuric acid and soda and distillation. The paraffin is separated 
&Dm the heavier oil by erystailiaation, and purified by pressure 
satment with sulphuric acid, &c. 

1854, March 3. No. 515. 
BtEOWN, WiLUAM. (Completfl Specification, but no Letters 
^tent) "An impromi vwde of obtaining tolatUe jiroihtels fnrm bitu- 
iwxis coals and other bituminous substances."— TYiiis conaistfi as 
follows : Instead of retorts or such like vessels heated out«ide, 
Bubstituting therefor an air-tight furnace into which the bitu- 
toinouB coals," Ac, "are introduced, and the volatile products 
tiiereof are dieongaged and obtained therefrom " by means of fire 
Inside the fiuTiace. The furnace is furnished below with furnace 
llftrB and a furnace door ; at the top of the furnace is a hopper, 
through which the bituminous coals, &c., are " introduced into the 
inmace, and at the top of the furnace is also placed a still bead 
■lor receiving the volatile products when disengaged." 

1855, September 18. No. 2107. 
.RRT, PiRRRE GfiodON. (Provisional protection only.) "/m- 
ireating bituminous shale, boghead vtinered, nnd otitic like 
bodies, in order to obtain mrioits comine-rcial products therefrom." 
•^Tbaee are, employing retorts and condensers in the usual way. 
crude oil is rectified into oils by sulphuric acid, alkalies and 
ffistillation. The residue forms with caustic soda a black grease 
pftined "mineral paraphinized grease." The paraffin is separated 
Icom the heavier oils by filtration through bags, " and submitted to 
jpressure." 

1856, February 28. No. 516. 
lOMAN, KicHARD Archibald. {A communication from Pierre 
l6on Barry.) " Improvements in trotting biiumino»s shaU, lioghead 
mnerai, and other like schistous bodies, in order to obtain various cummer- 
^ produds tlierefroni." — These are, in reference to this subject, by 
listilling and treatment with sulphuric acid and eoda, of the raw 
ijii, and fractionally redistilling the residt, obtaining first, " essential 
^'' which may be used as a solvent for caoutchouc, &c. ; second, 
■'an oil for lighting purposes"; third, "a fatty unctuous oil for 
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lubricating machinery"; fourth, "a liquid tar for Inbricftting pur- 
I)08ea " ; fifth, " a solid tar " ; sixth, " paraphiiie, white md 

transparent as Bponn " ; &c. 

1858, May 19. No. 1117. 
KERNOT, CruitLKS Middlkton. (Pi-ovisioiia! protectioD onlt.) 
" Improvemeiiti in dislilting gkale, Imghfad, ami olli-er tiuiurat naiUn.'— 
Those are, having in the upper part of the retort "two pcrfonttl 
plates, between which, when first distilling shale," &c.. Are "[JmrI 
powdered coke and sand in layers, through which the e»olni 
products pans, and are filtered oti their way to the head and tfitnct 
to the condenBcr." In re-dlstilling oils from miticntl niatt«n tk 
tiilie to carry away the vapours descends some distance into tbt 
still, but is [tbovo the charge, and has at ita upper end a goturor 
hoUow channel t« retain thu condensed products. In thi^ pipe in 
"two perforated plates, between which are placed (in lajen) 
matters suitable for acting on the passing products in chemiul tr 
mechanical manner." The ra«ttor6 are " black oxide of manganM, 
etilphate of iron, chloride of potash, bichromate of potash and otbo^ 
according to the action desired to bo produced," 

1860, November 23. No. 2875. 
HUMFREY, Charles, and HUMFREY, Charlks. the 
(Provisional protection only,) ^- Improi'mumti in disiUliny omJ 
peat and Ulitmincnu and ewdy fidmrah, and in ike tifotment ^ i 
jnvrlucls therefrom." — These are, conslructing and arranging "t 
retorts in which the decomposition of the mineral is effected 
such fashion that the iKittom on which the mineral is placed 
heat«d strongly, while the top and sides are kept compuatif^ 
cold," and introducing into the same a stream of gas or air, w« 
"carry off the vapours into the condensers as soon as tamii 
instead of leaving them for a long time in the retort." Steam 1 
sometimes replace the gas or air. 

1861, February 25. No. iU. 
YOUNG, James. " ImpfovemtiUs in a^mraivs far Iht tmUaKt 
dislUUttion of bituminous suhdanr-es." — A aeries of vessels " or duun) 
being placed side by side, or in a circle, or in any other conveni 
position, are first filled with the bituminous coal, or other sul 
to be treated. A jet of et«<-tm of the lemporatiire necesary 



iffecting the distill&tioa is then admitted into the first vessel of the 

series, and passing through the contents of the veesel raises the 

temperature thereof to its own heat, or nearly bo, and is then by an 

iratlet pipe carried to the second vessel, through the contents of 

which it passes, as before, being again carried to the third vessel, 

id so' on throughout the series ; the oils as they are condensed and 

IB condensed steam being withdrawn from the vessels. After the 

1 has been distilled olf the contents of the first vessel, the steam is 

eut ofT from that vessel and applied directly to the second vessel ; 

the contents of the first vessel are then withdrawn therefrom, and 

tliat vessel is again filled with bituminous coals, or other substances 

to be distilled, and made the last of the series, and bo on, so that 

^e process is a continuous one. The permanent gas necessarily 

ising in the process will pass away from the vessel, which for the 

lie being is the last of the series," 

1862, March 3. No. 574. 
Bell, Thohas. {Provisional protection only.) " Improvemenis in 
tfparatus fmr dUUlling shale and olker bUaminous mtnertils." — These 
"lo faciIitAt« the treatment of large quantitiee of mineral 
Rapidly and economically." There are " two or more furnaces, one 
i which communicates with a central vertical flue, having formed 
Found it an annular chamber, whilst the other fiu'naces commimicate 
*ith flues outside, encircling such retort chamber. A pipe or pipes 
re provided to carry away the volatile matters, and valved hoppers 
re arranged at the top of the retort chamber for the introduction 
t the minerals." The refuse or waste matters pass off by discharge 
The retort chambers are heated by internal and external 
lues, heated by separated furnaces or otherwise. The retort 
dumber may be divided, " or there may be two or more separate 
ntort chambers disposed concentrically or otherwise, with inter- 



186.1, August 21. No. 2080. 
SRIFFITHS, RoBBRT. " Improvemenh in the amstnetum of retortt 
r owns for extrading oil from certain denaiplions of amnd coal or other 
hibtminouB gabsiancfs." — These are as follows : A retort about one 
foot deep, four wide, and thirty long, " is built or fixeil at such an 
angle that when small coals are placed upon the upper end of the 
retort they will slide down the sloping bottom thereof by their own 
gravity " ; doors are fixed by screws, or otherwise, at each end, and 



374 MINERAL OILS AND BY-PJtODUCTX 

a pipe at tha upper end, and another pipe not ha from the fire orf 
L-ntiducta " away the ^-apoura formed by distillation to (fcr «• ■ 
- denaora." "A furnace ia constructed under tho lower [r.^-' ' "'" 
retort, which :it thia partis horizontal, and a slide or d"i< 
ia introduced between it and the inclined part of the reto; 
the contents of the horiKontal part may be discharged, iv^ii 
withdrawing the slide and allowing the coal to elidv <: 
incline be readily refilled. The fine of the furnace passi-s i 
entire length and width of the retort, parsing out to a I'm 
the top end thereof, or the flue may return over the iij' 
retort, and be conducted t« a chimney placet! in any <:ii.: 
situation. In pkce of making the inclined portion of th. 
straight, as before described, it may be of zjg-xag form, or .;- - 
at different angles in the course of its length. Each sn'-. > ■- 
incline thiis arranged has a slide to arrest the dcsvent of tin- -■'■- 
contained therein, so that the contents of each section nuj t* 
ullowod to descend in succession from one section to vinibr' 
" When fully acted upon, openings or doors are formed ii pd 
angle for the introduction of a poker or rake when rM|uired ; pipi 
are also applied for conducting the vapours away to the coniiaaO 
OS generated." Another arrangement of retort consists of 
KOTilal cylinder having an internal openwork cylinder or pMtJdfi' 
a cylindrical cage of u-on or perforated earthenware suppMil' 
therein, loav-ing an annular space between it and the interin ^ 
the retort', in which space the material to be treated is placed, it 
one end of this retort two doors are placed, one above the other,!* 
supplying and discharging the cont4?nt«, a pipe or pip» 
ajjplied at the other end to conduct the vapours to the coitdf 
in the ordinary manner. A furnace is constructed nndemtatlid 
one end of the retx^rt with flues to conduct the heat aniaoil 
retort, or the cylindrical retort may be placed in u vertical 
with an internal cylinder forming a central flue, and with cjfi 
drical cages forming annular spaces in which the cannol coftl to I 
treated is placed. The flues from a furnace or fimUMs ■ 
conducted through and around the interior and exterior of ik 
arrangement of retort so as to heat the surfaces expoeed therein.* 

1663. September 14. No. 3255. 
BKLL, Thomas. (Provisional protection only.) " Impnsamtt* 

appdnUits: /nr diMitlinff shale nr oOurr htiuminrnts miturah." ThenB 

■' .1 series of what may be termed horizontal edge retottt ■ 
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I airanged side by aide, but with intermediate spaces, in a building 
tjrhich ifi constructed with a series of furnaces disposed beneath the 
x»nt ends of the retorts. The fire gases from each furnace pass up 
uby preference through a brickwork grating) into a space between 
Q adjacent retorts, and along the bottom of that space beneath a 
3tori£ontal partition towards the baek end, whence they return above 
uie partition towards the front end, finally entering a horizontal 
"flue which crosses the tops of the front ends of the retorts, and 
conveys the gases from between the several retorts to the chimney. 
Each retort is formed with a mouth and a hopper in Its top for 
feeding in fresh mineral, and with a door on its front end whereby 
to remove the exhausted materials, whilst the products of distilla- 
tion pass off by a pipe at the back end, this pipe communicating 
with a simce Inside the retort, separated by a {>erforated vertical 
partition through which the products find their way." 

1863, November 12. No. 2812. 
CRAIG, Andrew. (Provisional protection only.) " Improvemmts 
(A dislUlinff ki/droenrbons from eord, shale, and other Inluminous sub- 
ttawts, and in apparatus employed far IIkU purpose," — These are, 
modes of distilling so as to get the hydrocarbons ofi' as rapidly aa 
possible. One is an annular retort, " the outer surface or wall of 
such retort being heated to the requisite degree " in any way, 
"whilst the whole or greater part of the inner wail is provided 
with a numlier of small openings through which the volatilized 
hydrocarbons pass into the central enclosed space " with all the 
arrangements for condensing them. Another mode is, the fire is in 
the centre, and small holes are " in the outer wall of the retort 
instead of the Inner wall " ; or, a narrow flat chamber Is heated on 
one side to the requisite degree, " whilst the other side is provided 
with a number of small apertures." In each case requisite con- 
densers are provided. 

1863. November 19. No. 2899. 
SOUTHBY, Anthony Gapper. (Provisional protection only.) 
" Improvements of stills or retoris for the distillation of petroleum or tars 
from coal or shale or the prodvcts thereof" — These are, "arranging a 
series of stills or retorts at different levels, so that tar poured into 
the uppermost one will descend to the lowest, so that what remains 
may be drawn from it or them either intermittently on cooling the 
still, or continuously In a liquid state through a refrigerator." 

T 2 
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vessel, and so on through the series ; the oils as they are condensed 
being withdrawn by special pipes from the several vessels. So soon 
as the whole or the greater portion of the oils have been distilled 
from the charge in the first vessel, the hot gases are cut ofT from 
that vessel and jiassed directly through the second vessel, the con- 
tents of the first vessel being withdrawn, and so on thronghout the 
series of vessels, each vessel being refilled as fast aa it is emptied, 
the process being consequently continuous." " The permanent 
gaaee pass off from that vessel which is the hist of the series for the 
time being by a pipe or pipes provided for that purpose." 

ise4, Jiine2. No. 1368. 
CORMACK, William. (P^o^■i3io^al protection only.) '■' Inprone.- 
fomts in Ihe distillation or dtslructiiv liistillalion of all solid waiters or 
semi-sdid mailers capable of j/ieldiny fluids, or gaseous hyiiniairhons, or 
other producli of any kiitd whalsoeetr, be ihey liquids, fluids, or solids, 
aueh as pit coal, boghead, or nlher bihtminmis coal or shale, peat, wood, 
a^Aalls, tiiUm, lard, fats, or other semisolid matters, aiul in llw, Ireaiment 
of the same." — These are, "introducing a jet, stream, or current of 
any atmospheric air, steam, or vapour, gas or gases, singly or com- 
bined, superheated or otherwise, into the retorts, ovens, or other 
vessela, such as are usually employed for their distillation," These 
vapours or gases are conducted "either above or near the surface," 
and by these means the products of the distillation are obtained 
at a considerably lower temperature than hitherto accomplished. 
Also using " the gaseous products given off from one or more 
retorts or vessels to be conducted into other retorts or vesssels, or 
through a succession of them, and to act upon the surfnuc of the 
matter to !« distilled in the similar way as above descrilwd." 

186i, October 10. No. 3*84. (• •) 
BECKTON, James George. *' Improvetnenls in heating rrUirts ami 
other omns fur the distillation of sluile, coal, and other substaitces." — 
Retorts employed in distilling lias and other shale, or coal, in order 
t« manufacture petroleum, or other oils or gases, are connected with 
blast or similar furnaces, in order to be heated by their waste gases. 
Above a flue conveying the gases from the blast furnace, are 
arranged a series of oblong ovens, each one containing a number of 
retorts. These latter are susjiended from their up|>er ends, leaving 
their lower ends unconfined, in two or moi-e rows, parallel with the 



J 
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fluo, " so as to leave sp&ce between the rows to act a& a chsunbtt fv 
the combustion " of the gases. According to one |jlan, the gaaes n 
introduced from the fluo, and biLTUt in the oven without cmmiif 
into direct contiict with the subfltouces being distilled. In lite 
upper part of the flue, beneath the opposito ends of the oven, ik 
two or more passages, terminating above as mniiy gtate^ uptn 
which fuel is burnt for the purpose of igniting the gases. Tbe|r<y 
ducts of combustion are then conveyed through flues U> the Kntil 
ovens. "The upper ends of the retorts arc provided with rcoiiiT- 
able covers for charging in the materials, and are connected n^eihR 
by lines of rail " so as to be filled from waggons. " The product* ^ 
distillation puss from the retorte" by means of internal perfoixloi 
pipes, " and thence into a main." The remaining mutters no U 
discharged from their lower ends into waggons running do nih 
beneath. In a modification of this process, the treated gua p^*- 
duced in the oven are reconducted directly into the retjjrts, "wi 
come into absolute contact with the matters for dietillaliou," inaWid 
of acting externally, and having their heat conveyed threugb tit 
material of the retort. 

IS65, March 1. No. 571. 
YOUNG, James. (Provisional protection only.) '• ImprotMfit 
in distilling Uhtmirunti sulstanees and in apparatus emplnijed thrraiS— 
These are, employing "for the distillation of such snbstaneea of » 
chamber or vessel with one oi>eniiig at the top, by which the ccJ 
or other bituminous substance is introduced, and an opening it lli 
bottom by which the residue is withdrawn : the heat required W 
distil the bituminous substance brings the hot products frotntb 
combustion of coke or other fuel forced or drawn through tbt 
interior of the chamber or vessel among the substances to be £>- 
tilled." 

1865, October 4. No. 2544. 
CRAIG, Allan. (Provisional prot«i;tion only.) "Improvmi^* 

apparatus for erifMting oil/mm cval, s/iali; and other minrraU.'—V'M' 
are, drawing off the oil from the bottom of the retort, 
although attempted has been hitherto found impracticable, owingW 
the difficulty of keeping the dust and dirt out of the oil, and 
the difficulty of discharging the coke from the retort." A 
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eoiitaiiiiiig water at the bottom, iind w-ith the usual lire-place and 
flues for heating the same." lii the interior of this ib " a casing con- 
■-tructed (by preference), in a cylindrical form, and consisting of a 
ieiies of pieces or rings placed one above the other, so aa to present 
I perfectly smooth and cylindriual surface on the exterior." A 
space is left between each ring, the lower edge of each ring over- 
lapping the upper edge of the one below it. The oil escapes through 
those "spaces into the interior of the casing, and pusses out through 
a horizontal or other pipe connected to the latter at or near its 
lower end." Although the internal casing is by preference cylin- 
drical, it may be of any form desired, and also the "casing might be 
cast in one piece (instead of several), if the edges of the interstices 
are not made to overlap each other," but the first mode of construc- 
tion is preferred. 



1865, October 30. No. 2T93. (• •) 

lELDRUM, Edward. " ImjnmemetUs in tite disHllaiion of ami aiid 

\aU, and in the ajtparalus employed therein," amditing in the adapUUion 

\trtioof " a cellular aTTanganent of retotis." — The longitudinal spAce 

etween two brick walls is divided by transverse metal paititions, 

ith fire-clay or metallic tops, so as to form a series of cells. The 

•rtltions are built up of tongued and grooved bars, jointed with 

n^lay, bolted together, and having flanges at each end to keep 

walls in position. The tops of the retorts have feeding hopiiera 

bd closing plugs for charging and discharging the fuel ; and each 

l31 ha« a metal lid at the bottom, with "a partly moving grating " 

: carrying the coal or shale. "Beneath this grating a pipe leads 

a depositing vessel, from the upper part of which a branch pifie 

bds to an ordinary hydraulic main." In working the retorts each 

tternate cell is charged with the fuel, and the intermediate cells 

rith the coat or shale to be distilled. The fuel is lighted from the 

ip, each cell holding it being loft open at top and bottom, and the 

n any 



btilling cells being closed. When the fuel is biu-nt doi 
lU, it is replaced by coal to be distilled, while the coke left ii 
toviouBly distilling retorts is lighted, in order to serve as fuel to 
Htil the contents of the other retorts. If found requisite, the 

iduum may have fresh added to it. Instead of this alternate 
lethod of firing, the whole set may be charged with fresh material 

each time ; and the cells may be placed horizontally as well as 
Mtically. 
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1865, December 2. No. 3101. 
BENNTE, Thomas Nkwton. (Provisional prot«cUoii only,) "/•• 
wovemenls in apparatus/or diglUling oils and condeaaagoHj) m/mn.*— 
These are, first, " the apparatus or retorts for distlDing oil fn» 
shalo aud other stibstancea." It congiste of a pan proviijod wiib i 
cover through a gland in wbiuh the "shaft of an agitator pann 
The agitator is caused to rotate by any suitable gearing," and i> 
composed of claws or forks which turn over the sbaJe while best ii 
applied beneath the pan. "The pan is provided with doon lir 
charging and discharging and with an outlet in the cover for cairj' 
ing off the vapours to a condenser." Second, constructing condenicn 
for coiidenaing tho vapours of these oils. A tank of iron or oOw 
material is placed at a convenient distance from the back end of tk 
retort. At one side of this tank a box is fitt«d " into which tfe 
pipe or pipes from one or more retorts is or are recwved," 
furring " that these pii^es should be tapered, the smalt end ' 
towards the retort." The tank communicates by an opening 
the box, so thitt the oily vapours are free to jiass into the tank vA 
into vertical or inclined tubes fitted to a plate on the top of Ckt 
tank, the lower ends of these tubes arc open to the tank, 
upper ends communicate with a chajober which receives "anyp»- 
manenC incondensible gas " which may l)e conveyed to a ^u koU* 
for use. Tho chamber receiving the permanent gases is heated tj 
a steam pipe " to melt any paralGno adhering to tbo aides cf tk 
tubes or to cause an upward draught if re<)uired." 

1863, December 20. No. 3285. 
GIBBON, Joiix. (Provisional protection only.) "An iapmA 
retort for dMUing or extrading proiiucls from cannel foal, dude, «■ «W 
and more etpeciallj/from mmll axU or dust ierhmcally kntmm as * sloct' *"~ 
This consists " in applying self-acting feed and diachai^ 
to a revolving cylindrical wrought or caat-iron retort," the ii 
surface of which has a projecting ridgo which encirdoe it " 
spiral manner, the same as the interior of a femalo screw," and "i* 
so arranged for the piu'pose of causing the material to be openut 
on to advance from one end of the retort to the other, which it wB 
do of itself, as tho retort revolves by following the course of 
spiral screw or worm formed by the projecting ridge." In pn 
e nee the ends of retort are "taper or naiTOw " to "cooneot t 
to the feed and discharge ends respectively, which ends an <i 
less diameter than the body of the retort, and arc alsct pfoviiM 



with spiral ridges on their inner surfaces in the same manner as the 
interior of the retort. The feed and discharge ends revolve in 
stuffing boxoB, the feed end being connected with a hopper, into 
■which the mftteriiil to be operated upon is fed," and the discharged 
and is connected with a chute, and " the gas or vapour passes 
through the said discharge end into a condenser of any suitable 
snd convenient form." The retort may be inclined, mounted on 
brickwork, heated with one or two fires, " and by means of worm or 
Other suitable gearing, the retort may be caused to revolve." 

1865, December 27, No. 3345. 
YOUNG, Jahes, Junior. — " ImprovemejUs in trealing hjdnxarbon 
mis." — These are, "trealing certain hydrocarbon oile, such as 
|iaraffine, bo that their specific gravity is thereby reduced, and their 
properties otherwise altered," " hy heating and distilling these oils 
ander pressure." The distilling vessel should be capable of resisting 
'a pressure of at least one hundred pounds to the square inch, the 
eat being applied thereto in the uaiuil manner." In practice " a. 
IM'esBure of about twenty pounds to the square inch in the boiler 
IT vapour generating vessel is EUitable (or the treatment of heavy 
lydrocarbon oils obtained from coal or skde, but such pressure may 
te ^uied to some extent." It wdl bo found in all cases that the 
nsult of the process " is to convert the hydrooirbon oils in whatever 
its they are operated npon, whether they be light oil, heavy oil, 
both mixed together, into oils of a lighter natiu-e." 

1866, February 1. No. 322. 
STATION, WiLUAM Bryer. " Improvenumh in the parififMion luid 
lilting of paraffin wax." — These are, " the purification and harden- 
ig of paraffin wax by separating the more liquid and softer portions 
om tbe harder portions contained therein by repeatedly subjecting 
le melted paraffin to the process of agitation and cooling until it 
to solidify, and then Be])arating the portion which 
ins fluid from that which has airily solidified," by drawing it 
iff by a tap from below. Also the use of cold water as follows : — 
[fi cwt. of crude or scale paraffin is melted in a vessel of 1 ton 
lapacity by means of steam, when melted, the steam is tiuned oil', 
lod agitators are caused to revolve slowly, while at the same time 
» stream of cold water is run in the agitator and the flow of cold 
is continued " until the mixed contents of the vessel register 
Ftthrenhoit's thermometer a mean temperature of from 2 to 6 
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degrees, more or less, below the point at which tlic nuurial undc 
trewtmont melted, previously to iindergoiog this operatioo of »pl* 
tion and cooling," hut no lower. The agitation i« then discoDtiimai, 
on standing, the discoloured liquid portion separates and is dnn 
from the bottom by a tap, and the process U repeated m nhiivt h 
often as required. "The harder and purified portiuiis of the 
paraffin separated by either of the above systems if nut safficicullf 
white for the market, can be remelted and further bleached by aor 
of the mi^thoda usually practised, and finally filUjred in a hot Sltf|i 
as is well understood." 

1866, February U. No. 471. 
80AMES, .Iahks, and SOAMES, Jamks Kollk. " Imfmm^ 
in purifying paraffm." — These are, mixing " the ))aratlin wilh *n ml 
capable of saponification," and subjecting " it when so pre|»rad 
heavy pressure, which in a great part expels the oil, ant) wiOt it tte 
impui'itiea' of the paiaffin." The process is repeat«d "imUl fit 
impurities are sufficiently removed," and the ptLraffio is then UwMI. 
to " remove the small quantity of oil which the press is oiu^ U 
equeeze out." In place of using an oil as alx)ve, "a s^onifiiUi^ 
grease containing a considerable quantity of oil may be used. 1^ 
lard may be employed ; but it is not found advantageous to lutl 
grease in place of an oil, as the steorine it contuns is inopenlti^ 
and has to be removed by sajwnification." 

1866, February 15. No. 478. 
YOUNG, James. "■ Improvemexia in distilling eoal, fkala, oW (*» 
suislanees." — These are, employing "a revohing retort comloiiBl 
with feeding and discharging appiiralus airanged so a£ to produoi 
continuous process " as follows ; — The ret«rt is placed at an ingk 
and made to revolve on its longitudinal axis by any well-kw)" 
mechanical contrivance for imparting a continuous rotatory mod« 
in one direction, such revolution in conjunction with the iacliw! 
position of the retort causing the materials placed therein 10 [■• 
through the retort, which being heated externally by a fumM 
situaUi beneath it will oflect the distillation. "The retort of iron « 
other suitable material has a hopper at the upper end for chai^ii^ 
and a discharge pipe or pipes at the lower end for diseh^ging tbt 
muteriala after distillation." The volatile products pass (^ l^ u 
exit pipe or pipes at " the upper end of the retort or distillau? 
apparatus." 



1866, March 1, No. 625. 

Young, Jambs. "improvements in dtstillhiff coal, shales, and otlier 
mif^tajifes, and in apparatvs employed /Aercin."— These are, employing 
**a retort placed either horizontally or at an angle, so constructed 
that it may bo made to revolve, and containing a screw or spiral, 
the revolution causing the materials placed at the end of the retort," 
■by means of a hopper, to be guided or conveyed through it by 
means of a screw or spiral, " whilst the retort being heated effects 
the distillation of the niiitorials. The retort or distillatory apiwratus 
nay be constructed of iron or other suitable material supplied with 
suitable exit pipes, through which the volatile products of distillation 
pass ot^ in order that such volatile products may be collected and 
Utilized." 

1866, March 13. No. 756. 

BRINJES, John Frkdkrick. " Impromiaenls in ■machinery or 
i^paratus for distiUing Inluminous shale and other biluridnous substances 
^ a Hie nature."— These are, the general construction and arrange- 
oment of one and more horizontal retorts for the above purpose as 
follows ; — For distilling " shale, boghead coal, and other light 
Irituminous substances which are not liable to cake, whilst under 
the action of heat," employing one or more horizontal retorts of cost 
ifron or fire clay, revolving continuously in one direction or receiving 
. reciprocating or alternating motion round their longitudinal 
ftxes by means of a ' mangle wheel ' and pinion or other well-known 
mechanical contrivance for converting a continuous rotatory motion 
into a circular reciprocating movemenL" These retorts revolving 
BOntinuously in one direction have in the interior spiral ribs. 
"When the retorts receive a circular i-eciprocating motion on their 
3 they arc provided in the interior with double inclined pro- 
lections and a series of annular ilangea" which divide the retort 
into a number of annular chambers, each communicating with its 
neighbour by an opening left for that purpose in each ring or flange, 
'be retorts are set over a furnace so as to have the flame all round. 
D some cases the bituminous matters arc fed continuously at one 
end by a hopper, and the residuum is discharged "into a receiver 
r it may be discharged into a second or third retort similar to the 
^ and be finally discharged from the last retort of the series," 
e or more of the retorts are provided with a pipe at one or both 
uida connected with condensing ap[)aratus. 
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I8G6, April 6. No. 993. 
YOUNG, James, " [mpravfmenis in dutUling." — These are, '■luii^ 
a, revolving retort or still containing a spiral made of irun or ulte 
suitable material, which I place either in a horiKontnl or inrliiMi 
position and cause to i-evolve. The substance to be dJstiilcd mar l« 
a mtid or a liquid, the whole or part of which is volatile hai( 
introduced into the retort or still at the one end and being guiM 
by the spiral is conveyed towards the other end, where ihe juTrtm 
not volatiliaed ia discharged, the volatile portion being li' 
while passing through the heated retort." The feed pii> 
from a cistern containing the liquid to be distilled passe? '1 
stuffing box at the point beyond a 8toi>-cock whore it paKae^ 'in^' li 
retort, the discharge end of tho retort is similorty entered iiW 
fitulKng box in the discharge piece for receiving or pacing m 
]>arts of the substances which have not been distilleil ihrwj^ 
pipe out of this end of the retort. Reference is made to Xa SS^ 
A.D. 1866. 

1866. May 4. No. 1278. 
YOUNG, WtLUAM, ami BRASH, Phtkr. " /mjnwMiiMb m I 
liulilliUwn uf coal, shalf, and olhtr bUumnous svhdana Ui ttle» ^ 
uiatlfra there/mm, and in (Ae redistillation of [rrtidufU Iturriif tHimC 
— These are, first, the uncondensed or permanent vapours org" 
when distilling coal, shale, &c., are rotiinicd back into the n 
containing the cniil, shale, iVc, which is being distilled; thesepMlj 
it is said, "disappear in pait, whilst at the same time the jt^t 
easily condensable oil is increased." The vujiours or gases iba^ 
be heated before they are returned into the retorts to avoid Bf 
chilling action. These vapours, it is said, are also advantagiw»> 
carrying forward with them " the ^-ajwurs rising from the mUf^l 
which is being distilled. It is preferred to pass the vapours wW 
arc difficult of condensation back under false bottoms in the ntob 
A jet of steam or a forcing or exhausting apparatus nuty be W 
to pass the vapoiu« through the retorts. In redistilling whit M 
known as "still bottoms " residues from distilling bituminous d^ 
there ai-e obtained vapours or gases not easily condensed. ^ 
vapours are jtassed back into the still, or the vaiwura coming ft* 
the still may, in a separate vessel, be mixed with the vapours vU 
are difficult of condensation, and heated vith them; "oil m^* 
condensation results fioro tho action of the two ditTcrenl W 
the one on the other." 



1866, Juno 12. No. 1600. 

NICHOLAS, Jajhes. (Provisional protection only.) "Imprm^anmts 
in TtUrrls, and in llm mode of wrrking tlie aaine In nlUiin crude parapne 
and other oils from mnncl coal, hiluininous mailer, wood, peal, bonen, or 
other material." — These are, coQBtnicting a retort ao "that a large 
superficial area of almost any size can be 8ubmitte<l to the direct 
action of heat, and is of the follomng construction : — The bottom of 
the retort ia a plane surface, by preference an iron plate ; the sides, 
back, front, and top consist also of similar plates connected together 
by means of flanges, thus forming a sort of box or retort At the 
back, by preference on the up{>er portion of the retort are holes 
or pipes by which the products of distillation pass to ordinary 
condensers." On the top of the retort is a lid arranged on the 
principle of an hydraulic joint, for the purpose of charging the 
retort. In the retorts are rakes. The joints between the flanges 
are formed " with molten lead in lieu of water," and covered with 
"sand or other material to prevent rapid oxidation." Prior to the 
retort being drawn or discharged a small quantity of water is 
^persed into the retort by a perforated pipe which rising into 

rra sweeps "what volatile matter remains in the charge out into 
condensers." 

1866, June 26. No. 1697, 
'OUNG, Jamrs, the youn^-er. (Provisional protection only.) 
Improsemeuts ia apparahu /or ilie trmfmenl of hydror/trbon oUs."^ 
^ese are, treating " crude or more or less refined " paraffin petro- 
»im oils in order to reduce " the specific gravity of such oils," and 
Dprove "their properties for illuminating purposes." A boiler or 
Hstilling vessel capable of resisting " a pressure of at least 1 00 lbs. 
the square inch " is charged with the oil ; heat is ai)plicd, the 
n^xmr produced "is allowed to pass to the condenser at any 
eguliited pressure through a pipe provided with a valve loaded to 
ht pressure required, or a separate tube with regulating stop-cock 
nay be provided for allowing the vapour to pass to the condensing 
apparatus." The boiler or vessel has a pressure gauge, and it is 
ionstructed so as to be readily cleaned out, 

1866, July 23. No. 1905. 
L£ACH, JaME-s. (Provisional protection only.) '' Impritveiamts in. 
Ingpara^ne jH]u;."^The90 are, boiling "the crude paraffine for 
lilt two hours, more or less, with a solution of caustic alkali," 



"the precipitated oil is then removeil by waeMng; the poraffine i> 
then submittod to the action of animal charcoal " filtered, pressed, 
then remettod, washed, and " again subjected to the purifying poirer 
of charcoal, after which it is again filtered and treated with about 
five per cent, of naphtha and pressed ; by preference, the preaaiiig 
should take place while warm. To remove more completely ajij- 
impurity that may atill exist it is once more remeltod, wajhai 
treated with charcoal and filtered, all that remains to be done is Qi 
nm the paraffin into cakes suitable for the market." 

1866, September i. No. 2271. 

HOLMES, William Cartwbight, and PERKINS, Jso. Wm. 
(Provisional protection not allowed.) " Imprwnntnls in apparabii 
for the distUlaCion ofpara^ne and petroleum or olher hydrocarbon oii*."— 
These are, taking " the usual Hated hemispherical still," fixing in die 
interior about midway a charging pipe with a self-acting cock, and 
carrying the neck of the still through an intermediate condenser, 
to which the charging pipe is also attached. "The condenser is 
provided also with a self-acting cock to receive and maintain the 
charge, so as to supply the still and maintain one uniform level 
while at work with boiling oil." At the Iwttom is a pipe for 
removing any water in the oil. " In the interior of the still, is a 
pyrometer, self acting, so that when the boiling point has rieen to 
any point previously determined on. any further supply may be and 
is cut ofi*. The condenser being charged with oil chai^res the sail 
and maintains the charge at the same level, thus obviatii^ any 
burning or discolouring of the oil, Atid requiring little or no 
attention." 

1866, September 17. No. 2380. 

BKASH, Peter, and YOUNG, Willum. " ImprovemetUs is Of 

jitarmfucluTe of oil from shiik- and othfr bituminous aubstanag." — "Thesa 
are, the distillation of Hhale or other bituminous matter in com- 
bination with the tar," as afterwards dcscrilied, " in ortler to obtaia 
oil in gi'oater quantity than the shale or other bituminous matur 
would produce separately." The acid tar precipitated by adding 
Buiphiu'ic acid to crude bituminous oils, having "littlo or no 
commercial value is prepared by neutralizing the acid with lime or 
other base, or the acid is washed out by blowing steam into it;" 
" the sepai-ation may be rendered more complete by the additiOD of 



lit." The purified tar is absorlied by ashce or other absorbent 
L&terial, and charged "into the retort in a aolid form, together with 
16 shale or bituminous m^itter." Or the purified tjir is mixed with 
me or other alkaline matter, and distilled along with the ahale or 
itumiiioua matter. Or the shale or bituminous matter is mixed 
ith lime or other bitununous matter, and distilled "along with the 
ic which is allowed to flow over and through the shale and lime 
during the distillation." The distillation is conducted, by prefer- 
ence, in the manner described in No. 1278, A.,d. 1866. 



1866, October 29. No. 2788. 

McBEATH, Chakles. " Imprunenients in the Irealmeiit or distillation 
of ghale, OKtl, and other bituminous substaitees, a>id in the me/ms or 
a^paralns emploijed Ikerefor." — These are, "the construction and use 
of an open-mouthed oven or retort erected over a hearth or grate for 
the treatment or distillation" of the above substances "into gases by 
the heat of their own combustion at the open mouth of the retort " 
(whether these ga^es are condensed into oils in the condeiiserE after 
described, or in others heretofore in use or whether used as gases); 
" the application and use of a jot or stream of steam at or near 
le neck of the conduit carrying the distilled gases from these 
nproved retorts to their condensers, or applied to other retorts 
lid condensers heretofore or at present used " for the treatment or 
istjllation of the above subatancea, "whether used in connection 
ith the returned currents of uncondensed gases from the Con- 
or not, and whether these currents of gases to and from the 
mdeusers ai-e assisted or partially produced or not by a fan or 
other equivalent blast in addition to the said steam jet" The 
condenser is a long cylinder connected to the neck leading from 
distilting oven, from which it declines at a considerable angle 
towards the ground, and rests on suitable pillars of brickwork, 
his condenser is fitted with six pairs of transverse diagonal surface 
jndensing pijws or tubes open to the atmosphere, and through 
■hich currents of cold air ascend and escape at the top, or these 
-rent« may be conducted by one conduit connecting all the pipes 
; their upper ends to a chimney, or this heated air or a portion of 
may be led into the ash pit. There is an arrangement by which 
le uncondensed olefiant gases are returned through the condensers, 
he retorte or ovens are fed with the above substances by means of 
hopper on the top. 



n HARRIS, JosL 
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1866, November 3. Ng. 2847. 



HARRIS, JosuH. " ImprommejUs in apparatm for the produettM 
distillalion, and refining of hydromrbon a»i other mIs frnm shale, conwi 
mal, pfot, li^itif, or olher bUaminoia minerals." — These are, placing 
"an ordinary exhausting fan or pump to be driven or worked ty 
steam or other motive power at the required velocity at the delivery 
pipe leading from the retorts" or "at the ordinary outlet of tlia 
condensing worm leading from the still," and thus drawing off "(he 
vapoura, fumes, smoke, or gases generated in the retorts during 
distillation" of the above substances, and drawing off in », lik> 
manner from the above substances "such vapours, fumes, smoke, or 
gases as are generated in ovens or Idlna for conversion into hydro- 
carbon oil."" 

1867, February 1. Na 284. 
BUHRER, Jacob, of Munich, and PRfCE, AsTLEY Pastos, ol 
London, (ProvisionaJ protection only.) "■ Improctvienis in the dit- 
tillali'm nf coal, shiik, dr." — "The materials are to be reduced to i 
line state of division, and then caused to puss or fall through tbt 
interior of a heated vertical chamber, tube, or a retort, or series of 
the same, in such ii manner aa that the several partii;le8 in thdr 
descent or passage shall be subjected to the action of heat, a)^ied 
externally, to the retort &c. The character of the distillatory 
products being dependent on the temperature employed for th«r 
production, it follows the apparatus must bo heated more strongly 
when it is desired to obtain illuminating gas than when the object i( 
the production of oil and other condensable products." 

1867, March 7. No. 650. 
YOUNG, William, of Straiten ; and BRASH, Peter, of Leith. 

" ImpromimiUs in the disHUation of sliale ifo." — "The shale &c are 
heated by the gases given off by itself. The shale is enclosed in a 
vessel provided with an outside casing which is to convey the gu; 
heat is applied to the outside casing and is diffused through that ta 
the inner chamber containing the shale &c. the gas or vapour tt 
then by a suitable pipe at the bottom introduced between the 
outer casing and the inner chamber, and after ascending it is forced 
or drawn into a downward current through the bituminous matM* 

• All tlio aUivo BstraclB of Patents wero taken fmin Abridgment rf 
Bpeoiflwtioni reUting to Oils, Fata, LnbricanU, CandleB nnd Snap,' pnbluhFl 
" 'm&. E. Eyre and WilliBin Spottigwoode, 1873. 
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carrying with it tho oily, vapours, thus effecting a. downward 
di^tillatioD which produces an oil of high quality. Instead of the 
outer easing or chamber, which conveys the vapour or gas, a pipe or 
arrangement of pipca for the same purpose may be used. By means 
of the downward distilUtion a larger quantity of solid paraffin ie 
obtained from the oil than by any other mode known." 



1867, March 12. No. 707. 
BRINJES, John Frederick, Whitechapel, London. 
TiienLi in apparatus for disiilUitff shale, <&c." — " The improvements are 
in the means of traversing the material or substance under treatment 
through the retort in which it is contained. One or a series of 
horizontal cylindrical retorts are made to revolve continuously in one 
direction to receive a circular reciprocating motion on the axial 
centre tine of tho retort. Each retort is provided internally with a 
aeries of longitudinal lodges or ribs, which serve as lifters, and allow 
the material to fall in a shower on to the Ijottom of the retort, and 
according to the angle of these ribs so will tho [taasags be retarded 
■or hastened, (of the shale)." 



1867, June 21. No. 1808. 
PERKINS, John William, of London, (Provisional protection 
only.) " Improeem',nla in stills for petnileuni, paraffins oil,d-c." — "The 
still consists of a series of chambers in communication with each 
other, each of which chambers contains a coil of pipes through which 
the heating medium Is caused to flow. At the extremity of the 
heating medium I maintain the cuirent through the still by moans 
of an ordinary force pump enclosed in a tank of oil for supplying 
the charger with hot oil, and the discharge pipe of the still is 

rin an ordinary 'Liebig's' condenser." 
1S67, June 27. No. 2175. 
RIPPINGILLE, Ed«t). Alexander, Holborn, Loudon. "Improve- 
iftenis in Uie nuxU of dinliUing or separating the wfire volatile pm-lians 
(if petmkicm, iCc."^"Th6 improvements consist, firstly, in the 
employment of a jet or jets of steam to draw or force in a current 
or currents of air through tho petroleum or other mineral the 
vohitile matter of which is to be separated ; such jets acting in a 
somewhat similar manner to the blast of a locomotive engine. The 
oil to be treated is placed in a vessel in which a finely perforated 
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pipe or pipes in a coil, is arranged at the lower part ; with thig pipe 
is connected a pii>e passing from the aforesaid vessel to anolher 
vessel, into which a jet or jets of steam are blown, such jets ol 
steam acting to draw or foi'ce in air to such vessel from which i 
combined current of air and steam passes from the upper pati 
thereof to the perforated pipe in the interior of the oil treating 
vessel. The combined current of air and steam, issuing through llu 
perforated pipe passes in numerous small jets np through the dl 
and out through a ' gooseneck,' connected with the upper part of the 
oil vessel, and in doing so carries with it the more volatile portioni 
of such oil, which are then conveyed into another vessel ud 
condensed in any suitable way." 



18 



!, June 6. No. 1863. 



YOUNG, James, of Kelly, Renfrewshire. (Provisional protMtin 
only.) ' ImprovemetUis in Ireating kydrocarbom." — "This iuventioo 
consists essentially in heating and distilling hydrocarbons, such u 
parafGn, paraffin oil, and petroleum in contact with or from altKlIo 
or alkaline earths." 

166S, July 27. No. 3356. 
LAMBE, Frkdk., and STERRY, Arttiur Chas., of Rotherhidia, 
London, and FORDEED, John, of Bkckheath, Kent "Imprm- 
ments i» llie treairru.nl of solid and liquid hydrrxxrhons." — " Thb inven- 
tion consists in treating these substances with fuller's earth under 
certain conditions. For wax or semisolid hydrocarbons the mawriil 
is first melted, and the earth thoroughly stirred into it. After ths 
earth has been siUficiently agitated with the material, the whole ii 
left for the earth to subside, or it may be filtered. When treAtiDg 
liquid oils we first place them in a still with a proper quantity of 
fuller's earth, and distil them in contact with it generally, but not 
necessarily to dryness, with or without the assistance of steam u 
maybe found necessary. Liquid hydrocarbons are subjected toi 
preliminary treatment with sulphuric acid, oi alkali and acid befon 
distillation. The products of this distillation may be treated vilh 
the earth, or simply washed, or treated only with acid ; the hqnid 
being finished with ammonia or its carbonate. Sometimes it li 
preferable to use as a final treatment a small percentage of siliBlB 
of soda or potash to prevent the oil going back in colour. The thin 
Lars produced may be used for washing the crude oils previoofttt 
distillation." 




1S69, February 6. No. 37G. 

MELDEUM, Edward, Dcchmont, Linlithgow. " ImproveTnenls in 
the vtatM/adure of jxiraffitie oil." — " An apparatus such as an iron tube 
or & common retort is built up over or alongside of a fire so that 
the temperature can be so regulated as to attain a range of tem- 
perature not exceeding a visible red heat, and to obtain a largo 
surface to be heated, such apparatus may be filled with broken 
stones or spent shale. The heavy oils or the melted paraffine are to 
bo run Jn slowly at ono end of a ratort or decomposing tul)e, and 
the products thus resulting are condensed by piasing off through a 
condenser connected with the other ond of the retort. A mixture 
of paraffine and oils when distilled at about 700° F, will split up 
into easily refined oils for lamps, and heavier oils suitable for 
.lubricating, &c" 

1869, February 26. No. 600. 

DWNSEXD, JoSKPH, of Glasgow, Lanark. "ImproveTnenls in 
fbracting and refining oUs from Tuinenih, i£c." — " Superheated steam is 
saed into the upper end of the retort, and is maintained at at leusb 
lb. per sq. inch over the atmospheric pressure. The retort is 
sferably circular, 12 feet by 12 feet of iron (fire-clay lined) plates. 
is to have a perforated bottom through which the steam and what 
extmctf pass to an inclined bottom leading to an exit tube at the 
, this pi[ie or tube first descends a little, then ascends to any 
Dvenient height, whilst at the top or any convenient height, a 
idod valve is applied to it, to prevent the passage of liquids or 
ees except at a predetermined pressure, to which the valve is 
ided, and maintained in the retort as well. The condensed 
oducta are to be passed through heating baths in coils, and the 
Dducts in each coil collected separately. Heated air or any heated 
I may be used in place of steam. The steam, air, or gas may be 
mitted at the top, and the exit pipe placed at a different part, 
t the arrangement described is preferable. If the oils arc to be 
trautod from tar or other more or loss liquid substances, the retort 
eonstructod with horizontal platforms with ledges and extending 
8mat«ly from opposite sides to within short distances of the other 
lea. The tar or other matter is placed on the top platform, 
d overflows in succession down upon each lower one, whilst the 
Wod steam, air, or gas passes off with what it extract? to the exit 
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1869, May 13. No. 1469. 

TOWNSEND, Joseph, and FORBES, Pcter, both of Glasgcw. 

" l-m,pruiiemeni% in the refining or Ireuling of mis." — "A jacketed 
retort is used aiid Bteara (saturated) at 50 lbs. per sq, in. may be 
at first employed, and the pressure to be gradually increased to 
150-180 Iba., the increase being adjusted so as to ensure a regnbr 
flow of the distillate. In this way the light oils are distilled over 
comparatively pure, whilst the residue after treatment with and 
and alkalies, and crystallizing, may be separated into lubrioktiug 
oils and wax by ordinary presging." 



18G9. June 15. No. 1832. 

SMITH, William, of Bathgate, Linlithgow. (Provisional protec- 
tion only.) "ImprovemenU in treating or jnmfyinff miwral ofe"— 
"The invention consists principally in employing sulphuric add 
diluted with from one half to twice its weight of water, the wid 
and water being mi.-ced with the oil whilst in the heated slate 
caused by their combiuatioH, the oil also being preferably healed to 
100° F. prior to adding the acid and water. The treatment may be 
jierformed twice, or oftener if necessary. The tar produced it 
thinner and better fitted for making grcoao, 4c" 



1869, September 1. No. 2588. 

SCOTT, Robert, Manager of Addiowell Works ; MacI\'OS, 
William, also of Addiewell. (Provisional protection only.) "7** 
provemerUs in tits trmtrryml of hydrixarbon oUs." — " This invenldon h« 
for ite object the reducing of the specific gravities and othenriw 
improving hydrocarbon oils. The oil is put into any ordinary (till 
and distilled, and the vapour given off is passed through om or 
more heating vessels or chambers sufficiently heated to produce ill* 
change. The change may also be brought about by bringing tlw 
vajKiurs into contact with superheated steam. Heavy petroleum 
and paratfine oils may by this means bo converted into burning 
oils. After being superheated the vapour is conducted to a «n- 
densei' of the usual or other form. This treatment may alio \* 
.pplied to the vapours of crude oil from coal or shale undergDing 
distillation." 




1869, October 11. No. 2950. 

RK, Alexander Carnegie, of Glasgow, Lanark, (Provisional 

rotectiou only.) " Improvemenis in treating mineral oils." — "This 

fcvendon ia for the reduction of the specific gravity of the heavier 

s of paraffin, and other mineral oils, and consists in distilling 

in a still of any known convenient construction, and in 

ising the vapour, as it leaves the still to issue at a high velocity 

rough a contracted orifice or oi'ifices by forming a partial vacuum 

it the condenser or in the pipe lending from the etilL This may 

» effected either by pumps, or by what ia known as an ejector 

Wndenser." 

1870, January 6. No. 50, 

SHAND, Georoe, of Stirling, N.B. (Provisional protection only.) 
"Improvements in obtaining prodncts from tars and residues." — "The 
process consists in distilling under pressure. The heat may be 
applied by means of superheated steam, or saturated steam of high 
prossiire, or direct fire heat, in any of the known apparatus in use, 
for distilling under pressure. Five to 10 pounds per 8t[. in. above the 
atmospfaoric pressure is to be preferred. ' Coal-tar oil ' may by 
this mode be made to yield naphtha, light oils, and lubricating oils, 
not hitherto obtained from it ; whilst if tar or partially treated tar 
is used, larger quantities of naphtha and light oils may be obtained 
than heretofore." 

1870, July 1. No. 1871. 
McINTOSH, James Anderson, of Leith, Midlothian. (Provi- 
fiional protection only.) " Improvements in distilling oils." — " Milk 
of lime is thoroughly incorporated with the oil, and then prssed 
into the still, after which soda crystals are added to the mass 
which is again agitated till the crystals dissolve. The still is then 
a order and fired, and the slower and more gentle the distilla- 
i ia effected the better will be the oil in smell, purity and 
^htness of colour. The proportions for 1st distilled paraffin 
E oil are : 30 cwts. of blue oil, 60 gallons of milk of lime, and 
2 ewts, of soda crystals. This treatment may be applied to 
Is whether they have been distilled once or twice before." 

1871, February 4. No. 305. 
RCH, J&tSES, of Glasgow. " Iviprovements in distilling and in 
vraius therefor." — The retorts can be made circular or of a 
\ horizontal section, and each of a series is formed with an 
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enlargement at the part where the heated gas is to act on ths 
Bubatance in the retort, the enlargement being fitted with a hori- 
zontal diaphragm having a central opening through which lie 
Bu1)stancea descend. The heated gas is admitted into an annnlar 
space at one side of the diaphragm, and acting on the substanceii 
and passing through the diaphragm passes off from the other sidfl 
of it, carrying the volatile proilucts with it. Either modification A 
the retort may bo constructed of brickwork or iron, or partly rf 
both materials. When dealing with a liquid (crude shale oil, Ac) 
the retort is filled with coke or other indifferent body, and the 
liquid is poured in slowly at the top so that aa it drijis down o*-er 
the coke it is presented in thin films to the current of heated ^&. 
^Vhen dealing with a solid substance, such as shale, the latter St 
preferably reduced to small pieces, and fed in at the top, and th» 
retorts may if necessary be fitted with covers, the shale beinf 
charged at intervals, but the process is practically continnona. A 
pressure slightly above the atmospheric is preferred, in order t» 
prevent the air entering, and to control the currents of gas in tb* 
various channels by means of jets of steam or otherwise, so » lo 
have the pressure a little higher at the sides of the retorts at whidi 
the gas ent«rH than in the passages leading from the retorts to tin 
condensers." 

1871, November 6. No. 2989. 

CRANE, Patrick Moir, and McGRATH, Dennis, both of Mifr 

Chester. " Zmprovemcnls tii Itipiid coolers, niul cotlecling (/« eoRgealti 
prod)icl."—" A stationary horizontal cylinder is fitted with a jacket 
containing a stream of cold brine, or cold air. The cylinder contain! 
an archimedean screw, which accurately fills it so far as to be»t 
upon the whole interior circumference, and the screw is to l* 
rotated. The liquid flows into the cylinder and congeals in a ibui 
film, and is scraped off by the screw, and finally squeezed out at the 
end into the usual bag or receptacle provided." 

1871, November 13. No. 3055. 
CliANE, Patrick Moir, and MOIR, Gkorcr, of Manchester. 
" ImprovemeiUs ift the manufaelure of lubricatinj} fnabvuils." — "Thi 
oil is distilled by a slow or cool distillation, and after the lighter or- 
portions have come over, we reserve the heavier portioM 
which come over by a higher temperature for use as lubricating 
Biaterials, and which if mixed with i>araffine wax are to bo separated 



I it by a well-known meana. These heavier oils are to be 
purified with acids and alkalies in the iiaual way, they are then 
washed with water and thereby rendered fit for use," 



1871, November 13. No. I 



EMMENS, Stephen Hknby, of Gresham Street, London. " /m- 
prmv.menls in purifying distlllales from bituminous substances." — "A 
current of the distillate in the form of spray is distributed in 
atmospheric air, in pure oxygen, ozonized oxygen, or other 
oxidizing gas, for the purpose of producing a direct oxidation of 
i substances which it may be desirable to remove. The puri- 
ing process may be carried on by blowing or injecting a jet of 
ray into a closed vessel or chamber from which the product or 
iducts can bo removed by filtration, decantatlon, or otherwise, 
ided or not by the addition of acid, or alkalies, according as the 
klized matters to be removed are basic or acid." 



1871, August 11. Na 2123. 
SFOUNG, Jame-s, of Limefield, Midlothian. " Improremeals in the 
treatment of hydrocarbon oils." — " Shale or other hydrocarbon oils pro- 
duced by distillation, either in the crude state or partially purified, 
are placed in a suitable vessel, and muriatic acid gas ))assed into 
them to saturation jwint^ {the oil being warm at starting). After 
settling the oil is drawn off from the acid liijunr. The oil in this 
state is washed with water, after which it will be found that nearly 
1 the impurities are removed, and if required the oils may bo 
tilled or otherwise treated. The acid can be passed into the oils 
' a pipe or in any other convenient manner. I claim this to be 
Bite distinct from Mr. Warren de la Rue's Patent 2003 of 1855 
r treating 'Burmese naphtha' with commercial acid." 

1872, January 8. No. 64. 

', John Ambrose, Bucklorsbury, London. " Improvements 

mfactvre of oil In/ dislillation." — " I place the oil, &c. into 

t or still, which I enclose in an outside jacket in some cases, 

i in others I use it or dispense with it and introduce a heated 

IS into tubes, or ducts, or any other well-known form which will 

I the heating material and which will prevent it, unless 

rough convection, to iinjwirt ite caloric to the material O[wratod 

The heated mobile substance I obtain from a dense paraffin 
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oil or any other such substance as vill impart its boat and mamtaa 
its mobility, I take a vessel, whicli I term my supply, rctiini,»iil 
expansion cistern, in which I pWe the heavy paraffin oil,andtir- 
culatfl it by an outlet and inlet ()>oth open, thereby aToidiug ill 
pressure from heat,) through pipes or ducts to a zig-iag, irora.i» 
other shaped pipes or ducts, boiler shape or other form, wtitcli I 
place in a furnace, stove, fueible or sand bath, which I convey Wi 
pyrometer indicating 1500° Fuhr., so that I can accurately kn» 
the temperature of the fluid, and thereby also regulate tlio tonpA 
ture of the mobile substance to the retort or still to the materia 1» 
be 0[M!rated upon. The circulation rany be maintained by ■ in"? 
or the well-known principle of the hot water apparatus by wikii 
means I ensure the steady and controllable heat to the mlotam" 
under operation." 

1872, February 8. Na 413. 
YOUNG, James, of Kelly, Renfrewshire. — " /rnpwnn«iil( 
Uixdinttd of natural petrolmms."—" The improvements consist in U» 
ing what are called ' natural petroleums ' with muriatic acid. Fitiff 
liquid munatic acid is used, and the oils may be heated above lie 
atmospheric temperature or not. When liipiid muriatic acid is lari 
the petroleums may abo be heated. The ' petroleums ' are a|!iuta] 
with the Bfljd acid in stoneware or other suitable vessels to renwn 
the impurities. The agitation can be efTected by me.-uis of onliiaiy 
reciprocators or dashers in use. The oils can be distilled aflisnnrli 
if thought necessary." See also No. 2123 of 1871. 

1872, February 14. No. 459. 
YOUNG, Jahb-s, of Kelly, Renfrewshire. (Provisional protcrtioii 
only.) " Improi'anenls in Irealing hydrwaThone." — "I treiil hydro 
ciirbons which are solid or semisolid at ordinary t«inperatura mtli 
as ozokerite, pitch, or natural bitumens, with muriiitJc acid in tb 
gaseous state. These substancea are to be liquefied by heat uid ii 
that state are to lie agitated with the said acid in a gaseous sUU, M 
remove the impurities. The agitation is to be ufTectctl by cmliniif 
or reciprocating agitatoi-s or dashers, and the vessels win of stouv 
other material capable of resisting the action of the acid." 

1872, February 28. No. 617. 
YOUNG, .Tameh, of Kelly, Renfrewshire. " Impnmnn^ts in trtoHf 
/lydrofitrb/iiis " — " The paraffin oils obtained by distillation are hau^ 



antl liquid muriatic acid brought into contict with thom, during 
agitation, in stone or other acid resisting material. Muriatic acid 
Iwth lic^utd and gaseous may be used." 

I8T2, Fobniary 28. No. 618. 
TfOUNG, James, of Kelly, Renfrewshire, " Improvemenis in ditaiit- 
jjiy hydriicarbims from shale Jtc." — " Atmospheric gases and products of 
tlie material from which the heat hiis beeH derived are mixed with 
the hydrocarbons sought to bs obtained, and the kilns, furnaces, &e. 
are combined with a tower or chamber containing coke or other 
aD&terial between the spaces of which the vapours, gases and oils 
I- Between the before named kilna, &c. and the tower, a con- 
4lensGr is situated in which the more readily condensable portions 
oondense, the less bo pass through the tower, wherein they bocomo 
mixed with hydrocarbon oil which is caused to flow through the 
tower to absorb the leas condensable portions." 

1872, March 30. No. 938. 
MUNHO, Andrew, of Kensington, London. (Proviaional protoo- 
lAfm only.) " Improvements in. the exlraclmi of mi andfrom biiumijunis 
iWBhsinnceg." — " Heated gases are to bo passed over the body of the 
■eoal, shale &c, contained in a proper vessel The gases preferable 
for this purpose are the heated products of combustion, which may 
bo prejiared by driving, drawing, or conducting air over a fire of 
any suitable combustible matter. The fire is to be so arranged that 
aU the oxygen supplied is combined with carbon. A bed or layer 
of red hot coke, besides the fire may sometimes be necessary, and 
tiie position and arrangement of this fire must be such as to effect 
■the control and regulation of the temperature of the heated products 
'j»88ing away from such fire, when making oil, that the tenifieraturo of 
the shale, &x.. being operated upon, shall not be higher than that 
which is favourable for the largest production of oil and the 
products thereof. I prefer to drive a blast of air from an air pump 
©Tor a coke fire, arranged on the lines above stated. The heated 
■products of combustion are led into the chamber containing the 
ahale, &e,.; and I prefer to introduce these heated products at the 
lop or upper [art of the chamber. The distillation will thus pro- 
ceed downwards. The bottom of the said chamber I prefer to keep 
Open ended, sealing it in a bath of water. The products of the 
^distillation along with the heated products of combustion pass off by 
•oitahle outlets to the condenser." 



) 
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1872, April 11. No. 1073. 
BELL, John, junior, and BELL, Thomas, both of Wishaw, Lanark. 
(Provisional protection only.) " IviproBcmejkls in apparatui for &■ 
dutrginij hmismlal Tfiarls." — "To carry ont this invention a emill 
locomotive steam engine is arranged to run on rails in front of a 
bench of retorts or between two benches facing each other. Tlio 
driving wheels are actuated through gearing which can be dis- 
engaged, and a pinion can be engaged so as to act on a traiisveno 
horizontal rack bar carried by the engine. A rake bar is providtd 
that can be fixed upon either end of the rack bar, to suit the retort* 
on either side, and this rake bar is supplied with plates to close or 
partly close, when it is pushed in the retorts, and to ojfon and grup 
the materials in the retort when it is drawn out, dejxjsiting tbo 
materials in trucks between the rails and retorts." 



1872, May 16. No. U94. 
PORTER, Robert, of Chiswick, and PORTER, Frederick, of 
Mincing Lane, London. "Improvements in dislUting and in appanta 
therefoT." — " The improvements consist in passing the charge of 
material to bo distilled in a thin stream through a vertical retort, 
so that the whole of the said charge is kept in contact with the sid« 
of the retort, and the entire heated surface thereof ia utilized, wbilfl 
the central portion of the retort is left free for the passage of the 
vapours or gasea evolved. The retort is fixed vertically upon i 
receptacle for the exhausted material, and to the upper end ig fixed 
a hopper or reservoir to contain the distillable matter. In the 
hopper and through the retort we place a central shaft, the upper 
end projecting through the top of the hopper. On this shaft we fix 
a screw or worm for feuding the charge from the hopper into tic 
retort. The threads or blades are to bo inclined at an angle of 45 
degrees downwards," 

1872, June 12. No. 1768. 
ANDERSON, George, and BUCHANAN, Jkwss, both of Dalmeny 
Oil Works, Linlithgow. {Fuid, as the patentees neglected W fil« 
complete speciiication.) " Impriwenumts wt apparatus for drawing At 
charge frtmt relorls." — "The apparatus consists of a continuous or 
jointed metal rod or bar, or of a chain, fitted with a plate or aerief 
of plates. It is placed in the retort before or during charging, mA 
is allowed to remain there during tbo distillation of the coal, cannel, 



^ 



Bhule, &c. The rod or bar is preferably withdrawn by a steam 
windlass running on raila. A soriBs of plates separated from one 
another is to be preferred, the one at the back end (the one furthest 
in the retort) to be the largest." 

1873, June 12. No. 1771. 
SHANKS, Hugh, of South Queensferry, Linlithgow. (Provisional 
protection only.) "Improvements in drawiiiff reUrrts and meems 
theTffoT." — "The improvement consists in a rod or shaft, (to be 
worked by manual power or machinery) on which are fixed at 
distances from each other a number of 'clats ' or rakes. Each rake 
is to be gradually lai'ger, the smallest is to bo nearest the mouth 
of the retort, the largest being at the back. The rakes may be 
perforated to allow the vapours and gas from the distiilable 
material, to pass through it. After the distillation is finished the 
door of the retort is removed, and the shaft and rakes drawn out 
with the residue." 

1872, July 24. No. 2204. 
COX, John, East Stockwith, Lincolnshire, and COX, Samtiei, of 
Camberwell, London. (Provisional protection only.) " Impr&ivmeTiis 
in Uu adractum of paraffin &c. by disiilUng a volatile advent through U." 
— "The materials with a suitable solvent are placed in a plain or 
perforated cylinder with a perforated bottom contained in a double 
cased cylinder with a double bottom closed by a cap ha\-ing deep 
dipping rims dropping into the space between the inner and outer 
cylinder containing water to form an air tight Joint. This cap is 
perforated in the centre, and around such perforation are placed two 
collars the one of larger diameter than the other to form a space 
for water and to admit a pipe fitted also at the end with a collar. 
The vaporous solvent coming in contact with these joints cannot pass 
through them, because it is immediately condensed or driven off 
according as to whether the water is hot or cold. Tho volatile 
Bolvent is distilled from another cylinder of exactly the same con- 
struction by moans of steam passed into the wat«r within tho space 
between the double cylinder through tho just described pipe which 
ia connected with the head of a condensing worm fitted also with a 
Vater joint. The vapour is hero condensed and passes through a, 
pipe connected at the bottom of the worm by a sliding and revolving 
water joint into another double cased cylinder as above described. 
In this cylinder the condensed volatile solvent saturates the paraffin 



containing eubstanceB, and with the oil or fat in solution fulls to the 
bottom of tho cylinder, and is recovered by distillation into a ihiid 
or tho first cylinder containing more materiab to be act«d on. By 
using three or more cylinders, as the solvent during distillation is 
being prepared for another cylinder, thereby rendering the opera- 
tion continuous, and the solvent can be used over and over again 
without loss." 

1872, August 21. No. 2487. 

YOUNG, William, Magdalen Chemical Works, SCOTT, Androt. 
Musselburgh Gas Works, and STEVENS, Wiluam W, (for Ue 
Petor Bra^h, of Leith), all of Midlothian. " ImproiyjiietUs in tin 
deiinutive dUlUlalion of coal, shale, &c" — "The vapours generated ire 
caused to pass in a downward direction through tho hot coke from 
a previous charge. The retort is to be first heated (by coal, ic 
thrown into the combustion chamber) to a very dull red heat The 
substance to be distilled is then introduced by the hopi>er and valve 
at the top, and as soon as oil begins to como over, the eihau»l 
(preferably a jet of steam) is set to work. The outlet for oil 
vapours is to be situated at tho side of the retort ; the whole to 
bo enclosed in suitable flues, and the spent product« of combustion 
carried off to the chimney. Any ordinary condenser may be used, 
Aa soon as one charge becomes exhausted, it is drawn off into ihe 
combustion chamber, and it supplies heat, for the next cha^ of 
material, which should be immediately introduced at the top." 

1873, February 15. No. 569. 

PATI80N, John, of Airdrie, Lanark. "Improvements in (i« 
destniclivc dhtUliUiun of coal and skaU." — "For the distillation I OM 
cast iron cylinders from 18 inches to 3 feet in diameter, and from 
IS to 30 feet in length, more or less, whether in one casting fg 
more, bolted or unitod together in any way. The said retorts at ■ 
fitted with a shaft or shafts revolving inside and running paralld 
with said retorts, and placed in or on the said shafts or shaft, radiil 
screw blades, either cast with or bolted on to the shafts, so as to 
form one continuous screw. A little B[«ice is to be allowed betweai 
the screw blades and the sides and tops of the retorte for the frc4 
escape of the gases, vapours, and other products of the distillation 
into tho condensers. The oils can be purified by redistillation or by 
the usual treatment with acids and alkalies." 
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1873, April 10. No, 1327. 

ERSON, Norman Macfarlanb, Oakbaiik, Mid Calder. 
*' ImproeemetUs in de^metire dislillatum, of sitale attd oihtr oiUyitlding 
miw^rals, and in apparatus Iherefor." — " In carrying out this inven- 
tion a series of four vertical retorts are arranged in a furnace or 
oven, with their bottom ends at a. little distance atwve a central fire- 
space or grat«. Their bottom ends are provided with doors which 
can be shut gastight, and immediately below each door is an inchned 
Talve, which in one position separates the bottom of the retort from 
the central firespace, whilst it can be turned over outwai-ds to 
.lUlow the spent shale to fall into the fires[>acQ. The four retorts 
are preferably charged and dra\vn at separately cquidiBtant periods. 
More or less of the permanent gas formed during the distillation 
may be led into the firespace to aid the combustion. Any number 
of retorts may be arranged in one oven, either horiaontal or 
inclined." 

1873, July 12. No. 2407. 

MELDRUM, Edvtard, of Dechmont, Linlithgow. " Imprwements in 
On manufacture of awl produdwn of paraffine oil." — " The coal or shalo 
ie to be distilled from a cupola or furnace similar to a blast furnace, 
W constnicted and arranged that the non condensable or permanent 
^gases from such distillation may be introduced above the place 
■irhere air is admitted, ao that any free oxygen may combine with 
luch gag before coming in contact with the products of distillation, 
Uid thus prevent their oxidation and destruction. A brick furnace 
(instead of iron as hitherto) is used, similar to an iron smelter's 
eujwla, or on a larger scale, similar to an iron worker's blast furnace, 
admitting air at the bottom of the furnace to cause combustion of 
«&rbon in the spent shale, and admit gas obtained from the shale 
«t several places round the retort, from one to several feet above the 
inlet, to ensure complete combustion and combination of the 
Mmoapheric oxygen and prevent destruction and oxidation of tha 
products of distillation, the said furnace being closed, and having 
i«zit pipes to carry off oil, vapour, and gases to a condenser. Super- 
lieated steam may be introduced into the upper portion of the 
distillatory apparatus, in order to carry forward the oil vapour to 
the condenser. The shale in the furnace is distilled by the heat 
carried up by the products of combuation, regulated in such a 
manner by admission of air and gas to cause low destructive djs- 
miation, and thus formation of paraffine oil, in a space inside the 
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fiimnce immediatoly above the place of combustion, wid r^uhud 
in such manner by admissiga of siicli g:is that no oqrgen aa 
possibly |>ufi9 upward to tbo place uf dlstJIlutioa uncombined vid 
carbon or bydro'^en, tbe said gaa being an incondensable product of 

distillation from tbe sbalc." 

1874, May 23. No. 1824. 
BELL, JoRN, of WisliBW, Lanark. " Jti^wenteiUs in ditliliinf itt 
and dude." — "A tubular retort fixed in n horixontaJ [losidonara 
a §uitablo angle is to be employed. The retort conuins a shaft* 
conetructod that it may bo made to revolve in bearings at encfand 
of tbo retort, the said shaft carry portions of a ecrew thread ud iln 
flat blades, each portion of the screw thread consisting di osc 
complete turn of the screw, the flat blades and screw tiirwl la 
alternate along the shaft. The odno of the screw and the UhIh 
are to be made so as to nearly touch the inner surface of the retcrt 
but yet revolve easily. The portions of the screw are to move ttu 
charge onward from one end to the other of the retort, uid tb 
blades are to turn it over repeatedly on its way. The screw hbd» 
are {^rforated to allow the gases generated to pass along the ntiM 
to the eduction pipe. The shaft is to be revolved hy a revolnog 
tangent screw or other jwwer. The distitlablo material it to !■ 
either roughly ground or reduced to a Hue grain, as may he [tmi 
necessary; and the retort ought never to contain much more dua 
half the quantity that cotild bo forced into iL The gasai iR 
condensed in the usual way." 

1874, July 29. No. 2642. 
TWEDDLE, Herbert Wilkin CouicHoim, of New York uA 
London. " Impi-oiviwnls in the manu/adure nf parajinf and Ivbri/aUMf 
oili." — "A still ia to be used heated directly or indirectly by fire 
heat. In this still are dry steam pipes, and a steam pipe {Mtrforatol 
for tbe admission of common steam, su{>erhcat«d, or ilecompoMil 
steam iis may be desired. The dry atoam pi]ios may be dispciuad 
with. The said stilt is connected by suitable pipes to a pump. To 
produce a vacuum in tbe still, and draw off the products of distillfr 
tion, there ia a condenser between the pump and the sUlL Cnsle 
petroleums of 33° to 50° B. at 60' F. are tuken, and the disUlUU 
taken off as follows : first distillate from 62° to 63° B. residue {Md 
in vacuum still, and take off 38 to 45 |)er cent, illuminating »il 



collected in one receiver ; then 20 to 30 per cent more diEtillate ia 
collected in another. The residual oils are dark green in colour, 
have little odour, and confciin no separated carbon and are usoful 
for lubricating purposes. The third distillate is t«) be chilled, and 
the paraffin separated by preasuro. The oil after this can bo 
purified by simple exposure to Biinlight, or can be refined by re- 
distillation and a slight chemical treatment. The retort is to be 
made of wrought or cast iron, and has an upright cylinder with a 
perforated diaphragm, or two or more, in the interior through which 
the vapour from the still must pass to come in contact with the 
water injected or drawn in by the vacuum maintained therein. 
The water and oil separate on condensation in a pipe which rauat 
be at least 32 to 40 feet below the exit from the condenser where 
the oil is drawn off in a water seal or trap. The oil is drawn off by 
it8 appropriate pipe to the pump which maintains the vacuum, and 
pumps the oil into a suitable receiver. The oil, after expressing 
the paraffiiie, will be found to have great viscidity in relation to ita 
specific gravity 30° to 34° B., and it has hardly any odour, colour 
W fluoresconee by reflected light." 



1875, Septombar 7. No. 3137. 
YOUNG, William, of Clippens, Renfrewshire. " Improvements in 
oblaining hyihoairhon vapours frrnn ganes, ami in the apparolvs empUyed 
thrrfj(/r." — "A vertical tower or chamber constructed of metallic 
iron or other material is employed. This is to be divided into two 
compartments by an arch of brick or other non-condueting sub- 
stance. The upper compartment is filled with coke in the same 
manner an ordinary coke towers at present in use, while the lower 
compartment is arranged in the same way as a ' Coffey ' still {Vide 
No. 1.193 of 1865.) Into the bottom of this comiwrtment or a 
still a piiM conveying live or exhaust steam is introduced. From 
the top of the still or compartment there is connected a pipe leading 
to any convenient condensing arrangement. The gases containing 
the diffused vapours are passed into the bottom of and up through 
the coke in the upper compartment, at the same time the oil for 
effecting the absorption is drawn from si tank and pumped into the 
coke compartment, and over the surface of the coke, which oil, 
as it gradually descends absorbs the hydrocarbon va]>ours, and the 
gases as they ascend become denuded, and are then drawn off by & 
pipe placed at the top of the coke compartment The heavy oil 
ntaiiiing the abaorbijd volatile hydrocarbon is drawn off at the 
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bottom of the coke compartment ami conveyed by a pipe to a col, 
plaood in a voesol, through which the deouded hot oil from ttw aiS 
18 jiiuMed. The gasea atid heavy nila may be brought into iMiUtt 
uuilcr pressure. The gases and oils ore piim])6d into the o^ 
compartment, the denuded gases being allowed to escape imotb 
outlet pipe by a weighted safety valve (or their expansive (otm b»J 
be used to assist in pumping afresh portion uf saturated iiUiniutb 
coke compartment), the saturated oils being drawn oiT at the bat In 
a regiduted ball cock. An ordinary still rony be mod, Imt ikl 
' Coffey ' ia preferred for a coniiimous process, and the hoil ol » 
fira may be used in place of stoam." 



1875, November 12. No. 3934, 

BENNIE, George, of Glasgow, Lanark. " ImprovemaOt m hMf 

and their fittings and ajipurteiuinr^s cmmecUd thcremth for tke i&lii 
of shale, coal, and other bituminous substanaa," — " 1 eract a tat of kn; 
vertical retorts, preferably four (or one to ux), made slightly Ufand 
or conical from the throat or nook of the charging filler al U^ tt 
the larger discharging mouth at bottom, in pairs parallel transvendr 
and aa close as their hoppers or flanges will aUow within a nA- 
angular arched slove, furnace, or heating chamltera, in Iincbrorl^ 
and carried by the upper flange and lower Bnugs «r collars on 
upon the upper and lower set of three strong transverse iron biR 
or equivalent plites buOt into the brickwork forming the hi 
chamber, with the lower mouth 8oroe considerable distance aboni 
duplex movable fire grat« or set of hinged furnace bars, below 
pair of retorts, ranged parallelly to each other across the lower 
of the heating chamber, and sufficiently above a transverse p(UV£^ 
to allow the trucks or boxes on wheel frames to receive the uhfl 
and remove them, and which run on rails or guide plates laid at tic 
bottom of this passage. The retorts are charged full of ihe brotBi 
up shiile into the annular space, between their inner surface and th 
open central gas conducting tube, from the bottom to the lop of ife 
latter, and are then heated through from the outride by the hot 
generated within the chamber, at first by coal, coke or other fud 
charged on the hearth through the furnace mouth and closing dooi^ 
in the middle of the op{M>site sides of the brickwork, and aftenranil 
either wholly or partially by the residuary hot osli and solid uttcoa- 
Bumed carbon discharged at the outlet doors of tbe retorts aftff 
the gas and oil have all been distilled off." 
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1876, May 12th. No. 1998. 

HITMFREY, Charles, Hough Green, Cheater, Cheshire, England. 
"Improved mellwil of treating mineral oUs." — " I first submit the oil 
(sbale, coal, petroleum &c.) to a careful fractional distillation, and 
collect the heavy portion of the product Instead of mechanical 
agitation of the oil with chemicals ivs has heretofore been the prac- 
tice, I force a large stream of compressed air through a pipe at or 
near the bottom of the vessel, by which a thorough and complete 
'tation is caused, and a considerable oxydizing effect is produced, 
powerfully aiding the action of the chemicals used, at the same time 
tJie great volume of air passing through carries ofl' all traces of low 
gravity and boiling points, the result being lubricating oil possessing 
more body and higher flash point than any mineral lubricating oils 
heretofore made, making it especially adapted for lubricating the 
pistons, slide valves, and other parts of marine and other engines." 

1877, March 29. No. 1246. 

'OUNG, William, of Clippens, Renfrewshire. " ImprovemaUs in 
<b« datrudim distUlalum of coal, £c." — "The improvements consist 
of : — First. In producing or inducing the decomposition or destruc- 
tive distillation of coal, shale, and other bituminous substances, 
used for the production of gaa by causing a rapid agitation or circu- 
lation of the volatile products inside the retorts or other distilling 
or decomposing vessel, either by means of mechanical pistons or by 
the agency of jet« of compressed gas, steam, or vapour, with the 
object of bringing about a more regidar or equal decomposition into 

11 or permanent gas as may be desired of the elements of the coal 
'or other substance, and in some cases increasing the volume of gases 
by the decomposition of steam or other vapours, employed to pro- 
duce the current, and also by blending or combining, or carburetting 
es injected (to produce the currents) whilst in rapid agitation 
or circulation, in contact with the products of decomposition. The 
retorts or distilling vessels may be set either vertically or horizon- 
tally, provided that arrangements arc made for a rapid agitation of 
the products of distillation through or over the substance being 
or to be distilled. Second. In improved means of producing a 
rapid separation of those hydrocarbons from the crude gases, which 
it ia desirable to remove in the liquid form, and at the same time in 
retaining in the gases, those hydrocarbons, which are valuable as 
being of high illuminating power. This is accomplished by causing 
the gas to go through narrow passages kept heated, these passages 
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being preferably of a tortuous nature, causing the gas to flow aiwr- 
nately from i^ide to Bide, or by causing the crude g&aea to impinge in 
narrow minute streams against heated surfaces ; or aitematelj tin 
gases may be highly heated, and. passed through narrow paasag^ or 
impinged against surfaces, whilst in this heated state ; or by distri- 
buting the gases and causing them to pa&s through small tubeeor 
perforations in a aeries of trays containing the condensed tan or 
other matters, these latter being kept in a heated stat«. Tbinl 
In sealing or luting the cover or door of retorts or distilling 
vessels, more particularly shale retort doors, by having the door tnd 
retort mouth turned, planed or otherwise faced, or a groove either 
in the door or retort mouth, or in both, in which st«am or con^'. 
pressed gas is passed at a pressure exceeding that inside the retoi!t< 
or distilling vessel. Fourth. In so arranging the method of coo- 
ducting the distillation of shale, &c., for oil, that the charging and 
discharging doors may be closed by lids or covers similar to tbil 
employed in coal gas manufacture, and known as Morton's mV 
sealing lids. This part of the improvement is effected by having 
the outlet for the products of distillation placed immediately at ll» 
doors or openings of the retorts, so that any air that may find lU 
wiiy iTilo the retort does not require to pa§B through the substaott 
being distilled, and at the same time the outlet is kept so low tliil 
any oil condensed on the lid nins into it, an exhaust being prefefaUj 
kept on the retort during the time it is used." 
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HADDON, H. J., of Westminster, for Elijah Weston, Buffalo, Sew 
York. " Imprmie.menls in oil stUls." — " The shell of the still may to 
set in brickwork, connected in the usual manner with the upta^ 
The shell is cylindrical in form, and pro^^ded with a series of fin 
tubes, distributed at about equal distances from each other, pasflng 
longitudinally through the same, and connecting the combiuti<M 
chamber and uptake. A sliding grate is arranged within the 
bustion chamber, to operate to close the upper tiers of fire tub# 
when the quantity of oil within the still has been reduced. by evaplh 
rization below the level thereof. The partition plates (which an 
generally mode of thin sheet iron or steel) are bent to conform tt 
the contour of the adjacent heating surface. These plates shonK 
be located at such distance from the heating surfaces as to permit* 
free circulation, and contain sufficient oil in the space sepaiattj 
to prevent burning, and to cover the heating snrfaces. Difleretft 




307 

s and densities of oil will require greater or leas space to effect 
e above conditions, which may be readily determined in practice. 
The function of the partition plat«s ia to separate that portion of 
the oil next the heating surface from the remaining and greater 
portion, which causes a variation in the temperature of the separated 
)iortJons. The jxirtion next the heating surface being of higher 
temperature, naturally rises, and its place is supplied from lielow by 
the outer part This action causes a constant circulation, and 
causes every portion contained in the Ktill to flow in a reduced 
(juantity in direct contact with the heating siu^aces, so that every 
particle of the oil is subjected to the highest degree of heat con- 
tained in the still, which produces a rapid and perfect volatilization. 
The receptacles for collecting the products are not described, being 
loo well known to be needful." 

I 1880, April 17. No. 1578. 

PtOUNG, William, of Clippens, Renfrew. " Improvemtnls in the 
desiruetive distUloHoji of slmle for the obtainment of mineral oil, and in 
the apparatus or means employed Iherf/or." — " The object of these 
improvements is to bring about economies in the use of the fuel 
employed in the destructive distillation of shales which do not 
contain suihcient carbon for their distillation. The air supplied to 
the shale, coke and coal is first heated by passing it through a series 
of regenerative passages connected with the ovens or retorts, which 
passages are so arranged that they are heated by the waste products 
of combustion of the fuel used t« heat the retorts, and by the gas, 
coal, or other fuel used to supplement the heat from the carbon in 
the sbalo coke. Instead of using the coal commingled with the 
shale coke, I use it in a supplementary furnace, separate from the 
combustion chamber, hut communicating with the oven or chamber 
in which the retorts are set ; or I first convert the solid fuel into 
gas, and burn this gas in the combustion chamber, or in the supple- 
mentary chamber connected with the oven. To obtain a supply 
of steam economically I use the waste steam resulting from the 
manufacLnre of sulphate of ammonia from the liquors obtained in 
distilling the shale, or waste steam from other sources. To cause 
the waste steam to pass through the retorts, I either exhaust them 
80 that the sKaam may be drawn through them, or blow it through 
them by means of a steam jet, the steam so drawn or forced, being 
heated to free it from moisture, antl prevent its chilling the contents 
of the retorts. This steam in passing through the retorts acts in the 
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well known manner of washing out volatile product* aiid forming 
ammonia with the nitrogen. Tho doors of the retorts and chunlwn 
are to be made in one piece to open or shut together." 

1880, August 6. No. 3218. 

IMRAY, John, London ; for Reiner Rieth, Bonn, Germany. 
(Provisional protection only.) ^ An imprmed met}u)d and ajipiratu 
for dUtiUing hydrocarbons from coal, shale, ttnd other carbonacKm 
mattfT." — " The coal or carbonaceous matter to be treated is placed 
in a retort and heat«d to a modarnto heat. The retort has opeoiif 
from it two pipes, an inlet and an outlet pipe, the outlet pft 
leads to coolers, in which tho products of distillation are partiaQj 
condensed, the condensed matters being collected in suitable vosseli 
with which the coolei's communicate. The uncondensed portion* of 
the products are drawn by a pump or fan, and cniised to pass again 
through the retort in contact with the heated carbonaceous matter, 
from which they take up a fresh portion of condensable matter, and 
thus the products of distillation are caused to circnkt« through thi 
retort and the coolers until the material in the retort is exhausted. 

1881, April 13. No. 1875. 

YOUNG, William, Seafield House, Lasswade, Midlothian. "In- 
provemeiUa in Ote fnanufartitre of mineral oil arid amitumia." — "The dl 
is to be distilled off in one retort at a low temperature, and there- 
after the residue is to be transferred to a second retort, heat«d toa 
considerably higher temperature ; or the operation may be performed 
in one long retort, so divided that the shale shall be distilled free ti 
its oil at one end and the distillation for ammonia completed at tlie 
other end, steam being employed for hberating the ojmnonia at tb* 
hot end." 

1881, May 18. No. 2169. 

BEILBY, George Toomas, of Mid Calder, Midlothian. "Impro» 
mmli in distilling shale, &c., and in apparatus Iherefor." — The retort 
employed in carrying out the invention is a. tube, which may bs 
inclined, but is preferably vertical, and the up|>er part of it is m 
of iron, and the lower part of fire clay. The upper end at which 
shale is introduced is closed by a door or by the ordinary hopp« 
and bell, aiid the lower end is closed by a door, or it may 
continued by an iron tube dipping a few inches into water. X 
exit pipe for the oil vai>our is connected to the upper iron part 
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le retort. The retort is built singly or with others in an oven 
Kited by a coal, coke, or gas furnace, the fire gasea being led by 
jea so as to first net on the lower firo cluy parts and keep them 
. a bright red heat. The partly e.\hauated fire gases or portions of 
lem are subsequently passed in contact with the upper iron part« 
: the retorts if found necessary. A current of steam is passed into 
le retorts, being introduced at the lower parts thereof. Ah the 
lak or other mineral gradually moves down each retort it is at 
le upper part subjected to a moderate temperature suitable for 
«]ding oil in the best manner, the distillation being effected by the 
lat of the vapours or gasea rising from the lower part of the retort, 
ther alone or with some application of external heat. By the time 
le material descends to the Ere clay portion of the retort it will 
iTe yielded up all or most of its oil, and then application of the 
'eater heat will cause it to give a greater yield of ammonia than 
obtained with retorts constructed, arranged, and worked in the 
nul way." 

1881, October 3. No. 428i. 
EILBY, George Thomas, of Mid Calder, Midlothian. " Imprwe- 
mts in dislUUng shaU, t&c, and in apparatus therefor." — "The upper 
irts of the retorts are suspended by means of counterweigh ted 
rers, or otherwise suitably held up, so that their weight or a large 
irt of it docs not rest on the lower parts, which are subjected to 
e higher heat, and thereby rendered liable to injury by superin- 
Dnbeut weight. The retorts are also held in the brickwork in a 
uiner to allow of their expansion or contraction by temperature 
•nges without causing injurious strain ; that is to say, the upper 
rts are not rigidly fixed but are left free to move to the necessary 
Itent through the openings in the brickwork or supports. The 
! preferably of circular section, and of small dimensions, 
ong placed comparatively close together, and each group of foiu- is 
lovided with a single feeding hopper at the top, saving labour and 
^nse, whilst a single pipe connected to the hopper piece serves 
r leading off the oil from all four retorts. The fire gases are led 
Dm the spaces in which they act on the retorts into one or more 
Kmbers or ovens, in which is placed apparatus, for generating and 
perheating the steam which is passed into the retorts, for assisting 
IB separation of the oil, but more especially for assisting the 
parstion of the ammonia after the oil, or nearly all the oil, has come 
iott The steam healing-apparatus consists principally of horizontal 
(or nearly so) tubes of malleable iron or steel arranged in one or 
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more vertical seta, those of each set being connected »t altenitt 
ends by elbow pieces to form one continuous serpentine course fron 
top to bottom. The tubes are filled (or partly so) with peea d 
iron borings, &c. ; and the water is injected into the uppennortwta 
of each sot in a small continuous stream, regulated accorfiog M Ik 
quantity of steam required. The steam thus made is sopciiinlld 
as it passes onwards, the borings, &c., giving & great mufBoe, the 
rendering apparatus of a small size very efficient." 

1882, August 9, No. 3792. 
MITTING, Ebenkzbr Kisnard, Rye, Sussex (Eng.). "fc- 

jnvvffjnerUs in the produdiim of dhtUlatea from KimmerHye iSola'— 
" The retorts are of any of the usual 8hai>es, either vertiwllf a 
horizontally set in brickwork, heated by fire or gns. The shjl* 
to be broken up in any convenient manner, and placed in tit 
retorts. When the Kimmeridge shale is thus gradually 
the closed retorts, the first products are, ammoniacal liqasi; 
tar, and a small quantity of permanent gas. These producu 
carried off, by a pipe, inserted conveniently at the Wk <J tb 
retort, but not higher than the top of the retorts Thi* pq» 
leads to the coil of a condenser of ordinary constractioii, 1*1 
with a very large condensing surface, and a 'drag' or fsrvl' 
vacuum is created in it by an exhausting st«am jet, or hr tk 
usual mechanical gas exhauster. As soon as the t«inpen<>n 
of the retort has reached 210° to 250° C, I intrtxlace 
into the retort at any convenient pressure ; and so regnkul 
in quantity as not to materially reduce the temperature of tb 
retort; the steam may also be superheated. The pipe 
zigzag or spiral in shape, and is perforated at the end to allo*« 
the exit of the steam. The steam is introduced at this sta^ il^ 
during the remainder of the operation, to assist it, and to ahsoriiit 
decompose certain noxious bases, and carry them over 
which would else be taken up by the distilled oils, thus tei 
them difficultly purifiable. When the tomperatlu-o reaches duU 
heat no more tar will come off, and the distillation is finished.' It* 
retort is allowed to cool below visible red heat, when the 
ceous residue is quickly drawn from it into a sheet iron cylioAl 
with tight fitting lid, to prevent absorption of gases and imiiiiriCi'i 
from the air while cooling. The retorts may be so arranged 
the operation is continuous, i.e. the shale may be fed in at oni 
still the residue tJtken out at the other." 
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1882, October 23. No, 5033. 
a'AMESON, John, Akenaide Hill, Newtaatle upon Tyiie. " Im- 
^wements in dry distHlaliim." — " The shale &c. is placed in a 
Ceverberatory furnace, and the gas or other vapors, exhausted 
downwards through the base of such furnace." 

1883, January 20. No. 335. 
WALKER, Bernard Pkard, of Birmingham ; and BENNETT, 
James Alfred Bkrksfokd, of King's Heath. Worcestershire. 
" Improfanents in apparatus used for Ihf dislillalwn of coal, sfialt, and 
tther similar subslaiuxs." — " This inventioa consists of a borinontal 
Iratort, the lower part of which ia semi-circular in transverse section, 
but the upper jutrt is not lioiited to any particular form. The 
ntort IB provided with a mouthpiece at each end, a.nd at the top of 
the front end there is attached a hopper, from which the coal or 
llhaJe is fed into the retort. This hopper may be furnished with a 
JeedJng screw in connection with a source of motion, and may or 
Huy not be partially or wholly surrounded with a water jacket. 
i^e bock end of the retort also has a mouthpiece to the upper part 
of which ia fixed the pipe for conveying away the gas or bydro- 
{Evbon vapour, and from the lower part of which depends a chute, 
terminating in a large receptacle for the reception of the coke or 
ash, capable of being opened and closed by a gastight door. 
Extending the whole length of the retort, and projecting through 
Bluffing boxes in, and beyond the mouthpiece at each end, is a 
hollow cast or wrought iron shaft The piirt of the shaft within 
the retort has formed around it a screw made up of segments or 
otherwise, and so placed that the lower part of the screw comes 
nearly into contact with the bottom of the retort. The front end 
of the shaft outside the mouthpiece haa a spur wheel, piuion or 
worm, through the intervention of which the shaft may be made to 
revolve by any suitable motive power. The opposite end of the 
shaft has a pipe attached to it by which the heated air passing 
through the abaft may be conveyed to the furnace. By this means 
the furnace is supplied with heated air while the shaft is kept 
sufficiently cool to prevent it from bending. If found necessary 
provision may be made for the attachment of an iron plate 
extending the whole length of the U[ipcr jxirt of the inside of the 
retort and ia so arranged as to be removed and re-inserted or 
renewed from time to time. The action of the apparatus is us 
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follows : The retort being heated by the ordinary or otlier suitable 
form of furnace, the hopper being supplied with coal &c., and the 
jacket supplied with water, on motion being imparted to the «crew, 
the coal will fall or be fed from the hopper into the mouthpiece, axA 
from thence by the revolution of the screw in the retort it will be 
slowly propelled to the back end thereof, and in the course of M 
transit will yield up its gas or hydrocarbon vapours which will be 
conveyed away by the pipe at the back of the retort, while the coke 
will fall into the receptacle constructed for it, and be removed at 
convenient times." 

1883, February 1. 'No. 540. 

HENDERSON, Nokman M'Farlane, of Broxburn, Linlithgow. 

"Improvements in refining or distilling mineral lAla and in apparatut 
therefor." — "The invention may be applied in the treatment of 
various kinds of mineral oils and at various stages of the refining 
process. In one arrangement of the apparatus for treating shale or 
coal oil after it has undergone one distillation subsequent to iU 
obtainment by destructive distillation from the shale or coal there 
are arranged in connection three horizontal cylindrical stills placed 
near together and heated by ordinary furnacea a convenient sm 
for these stills being 7 feet in diameter by about 19 feet in tengtlL 
£^h still is fitted with an outlet or discharge pipe in the bottom al 
one end, and an inlet pipe enters the still at the same end of the 
atill at a higher level, but is continued inside the still to the oiber 
end, so that the actual inlet may be as far as possible from the 
outlet in each case. Both inlet and outlet orifices open uiiwaida, 
provided with safety plug valves for closing them. Each stil) ii 
formed with the usual vajxiur dome or chest into which the vob- 
tilized oil rises and from which it passes into a long horizontal cylin- 
der or pipe wherein its boat is utilized in raising the temperature of 
the oil being continually fed into the first of the three stills. The oil 
supplied to the first still is passed through the feed beaters of all 
three stills, and is fed in continuously ; and whilst the distillation is 
proceeding in each of the three stills, there is a continuous traas- 
ference of oil from the first to the second, and from the second to 
the third still, and from the third to one or more residue stills. 
The temperature maintained in the second still is higher than the 
first, and the third higher than the second ; in consequence of which 
the oils vaporized in the several stilts are of different specific 
gravities, but the oil vaporized in or distilled over from each still 
ia always of on equality or gravity so long as the feed and the bealf 
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ipplied to the several stilla are properly regiilated. In the first 
ill the oil fed in enters at a suitable diatanco from the bottom 
rhilst the oil which ia transferred from the bottom of the first 
till enters the second still at a euitable distance from the bottom, 
he oil from the second to the third also enters it at a suitable 
keight above the bottom. In the third still as there is a tendency 
or coke or a^lhesivc carbonaceous mutter to separate from the oil, 
kere are fitted certain plates or dishes to promote the circulation 
sf the oil, and to form receptacles for the coke so that it shall not 
dhere to the bottom of the still. Two or more residue stills are 
veferably provided with each set of three connected stills, so that 
rhile one of the residue stilla ia being cleaned out there may be no 
oterruptioD in the continuous action of the three stilla." 

1883, February 28. No. 1087. 

BABROW, John, Clayton, near Manchester. " Improved mode of 
i omngement of apparatus for effefling distilloivm of coal, shalt, iron- 
ne and organic suhslam::^." — " My invention has reference to the 
rangemente of retorts, and the application of heating substances, 
that variation and gradual increase of temperature may be easily 
attained. The charging of retorte, and working off are effected in a 
•nccessive manner, the internal and external heat being progressive, 
and under control of the operator, so as at will to be either 
Bcreaaed or decreased. The retorts are arranged side by side, 
id back to buck, in two long rows, the retorts being so connected 
to form a continuous series, — or that the series in plan represents 
& flattened circle, or an oval. The retorts are worked in seta of 
two, three or more, the first retort of one set l«coming, after work- 
ing off, the last of the succeeding sot, thus ; — 1, 2, 3, 4 ; 1, 2, 3, 4 ; 
1, 2, 3, 4 ; second working 4, 1, 3, 3 ; 4, 1, 3, 3 ; 4, 1, 2, 3 ; third 
working 3, 4, 1, 2; 3, 4, I, 2; 3, 4, 1, 2 ; and so on round the 
whole series. By reducing the number of retorts in each set from 
4 to 3, I can increase the temperature of the set of retorts, and 
by increasing the number of retorts from 4 to 6, or 8, I can 
reduce the tem[X!raturo of the set, the internal and external heating 
gases having a greater or less distance to travel, and a greater or 
lees quantity of material to heat. As fuel for external heat, I prefer 
to use the gases generated in the retort after all the more valuable 
constituents have been removed, but I can use the residual coke or 
other fuel There is provided a system or arrangement of taps, or 
valves and dampers, whereby I am enabled to supply the gas (mixed 
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with a dae proportion of air and ignited) bo the fint retort of the 
Bet, making the heat thus generated pass round in succession the 

remaining retoita of the net, before escaping to the main flu& 
When the charge in finished, the gas is shut off from the first retort, 
which after being recharged, becomes the last of the succeeding set, 
and the gas being applied to the next in the set which now become} 
the first. The gases are carried through the whole series before 
being condensed, one pipe sufGciiig for the gases from the whole 
set." 

1883, April 28. No. 2U9. 
CEOSSLEY, William, of Glasgow, Lanark. (Provisional protection 
only.) "Improvements in distUUng shale and other viinerals, to aliiain 
oil ami other vsfful products ,- ami in apparatus iAw^/tw."— " In carrying 
out this invention the distillation is effected in a chamber or vesjel 
which is not heated externally, but by means of st«am which is very 
highly superheated, and Is passed through and amongst the shale or 
other minerals. The distilling vessel may be of large size, is by 
preference of a vertical cylindrical form, and built of firebrick wilh 
an external iron shell or casing ; and it is provided with a double 
valved hopper at the top for introducing the mineral in a practicatlj 
continuous manner and with one or more doors or other suitable 
outlets at the bottom for withdrawing the earthy residues. Wili 
each distilling vessel there are combined two heaters or chunben 
for heating the steam, each of these being a cylindrical iron ve9«l 
lined with firebrick, and containing checkerwork or openly airaoged 
firebricks or any suitable refractory heat storing material Each 
heater is preparad for heating the steam by there beitig burned In it 
Bonie of the jiermanent gases formed in the distillatory process a 
some combustible gas separately produced for the purpose, the 
necessary air for its combuBtion being atlmitted or forced into &9 
heater along with the gas or by different inlets. When the interior 
of one heater is sufficiently hot the supply of gas and air is stoppe*!, 
and steam from say an ordinary boiler may bo passed into it At 
the same time the gas and air are turned into the other heater 
and burned in it to prepare it to heat the steam, they being used 
alternately. The highly heated steum acta on the shale &c, and 
causes the evolution of vapours of oil, tar, ammonia and aaniB 
permanent gas, and these products are led from the upper part of 
the ap[>aralus to suitable condensers. In some cases it may 1* 
ailvaiitageous to pass some air into the vessel either with the steam 
(ir seiarately." 
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1883, July 23. No. 3604. 
PATTINSON, HuoH Lee, of Felling, Durham. " Improvrntmls in 
appuralTis for distilling coal or other like substances in order to obtain 
froiluds Ihere/Tom," — The same as No. 553 of 1883, except that the 
retorts terminate at 7 feet from the haae of producer instead of 
8 feet. 

1883, July 30. No. 3725. 
ntVINE, Charles McLarkm, Blackwood, Lanark ; and SLATER, 
SoBERT, of Blackhoath, Kent, " ImprmtmenU in tlie trcalmenl of 
Vtttminous ikaUs largely impregnatttd tinlA sulphur and in obtaining 
oduds therefrom." — "Our invention relates to the treatment of 
ale containing large quantities of sulphur like the shales ob- 
tained from the oolite system present in large quantities in 
mmeridge in Dorsetshire. This shalo has at present been 
itilled at a high temperature, its products being almost valueless 
whilst the foul smell given off in such process has become a public 
uisance. By our invention we remedy this by using the 
olphuretted compounds by obtaining sulphur and other marketable 
iffoducU by proceeding as follows :— We take such ahalo or shales 
jBoataining large quantities of sulphur combined with the organic or 
inorganic matters present and distil such shales at a low heat (as 
lued to treat ordinary oil yielding shales) without but preferably 
llrith the application of steam, and condense the watery and oily 
Bistillates in the usual manner. We then conduct from the retorts 
in which the distillation is eficcted the gases generated consisting 
of incondensable hydrocarbons and sulphur compounds principally 
inlphurettcd hydrogen and treat them in one of the following ways ; 
Jst. We simply burn the gases, and employ the sulphurous acid 
Jiroduced for the making of sulphuric acid in the usual well-known 
manner. 3nd. We mix sulphurous acid gaseous or in solution 
water, with these gases containing sulphuretted hydrogen or 
ffnlphurous acid gas and steam, the result being their mutual docom- 
eition and the formation of water and elimination of free sulphur. 
16 necessary sulphurous acid may be obtained by burning a certain 
Iroportion of the gases containing the gases already described, and 
'ring the products of combustion (containing sulphurous acid) 
pith the other portions of the gases produced from the distillation. 
' adopting this method we piuify the hydro-carbons, and can 
Btilise thus piuified either for heating or lighting. 3rd. We 
mploy oxides of iron such an are usually used for the purpose of 
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gas purification, which oxides absorb the Buljjburctted hfilrofn 
and fix the sulphur and we then emiiloj' it for tho maniiiwsiin 
of Bulphiu'ic acid by firat burning it to produce »ulpburoiu tdd 
lutd then combining it with nitrcoa fumea." 

1883. December 13. Na 5724. 
COUPEE, Pbter, Edinburgh; and RAE, Martin, Middleton BiD, 
Linlithgow. " IniynnvmfnU in Uie dUtillalum of axil, shak, au.i At 
curbonaaous suiistanefs t/ielding hydmcnrbons and itUroffetuMj r". 
UTui in the upparat^ts w meaits tmpUiyed there/or," — "This li 
has for its objects the obtaining of high percentage prch: 
to utiliao the heat giving properties of the said substances [<niir j 
the unconsumablo ash or earthy portions of them being diMh;ir^ 
from the retort or distilling chamber. To efiect this object th«n a 
formed below tho retort a chamber, preferably of fire brick ami ni 
larger capacity for example twice, thrice, or a greater number of eta 
capacities of the retort itself. At such limes as it becomes neceasuT 
to recharge the retort, Bufficient ash is withdrawn by meaiu of i 
door in the under jtart of the chamber to allow the hot and fortiiGj 
exhausted charge in the retort to sink into the cluunber prcfenU; 
corresponding to the level corresponding to the top of the ctumW'. 
One or more jets of steam is or are admitted into the lower paid 
the enlarged distilling chamber and which are preferably arranged » 
as to draw in the quantity of air necessary for securing the oombw 
tioti and distillation hereafter described. The retoil constituting tb 
upper part of this apparatus is heat«d partly from surrounding flw 
or any other suitable manner, and partly by heat escaping from thi 
enlarged chamber below. The distillation continued in this lo«ff 
chiimber is not effected by means of flues or other outside hett bat 
by the combustion conducted within the chamber itaolf and Duinlf 
of the organic matters remaining in the substance. It is prefenUf- 
that this enlarged chamber be an even number of times the eaptotf 
of the retort, but not absolutely necessary. The products of didiD^ 
tiou arc withdrawn from the upper part of tho retort." 

188.3, December 27. No. B873. 
HENDERSON, Norman M'Fariane, Broxburn, LinUlhgOTr. 
" Improvetnenis in iMaining oU and gas from mintrali awJ in afjitnU 
therefor." — "In carrying out the invention according to one modifr 
cation vortical retorts are constructed in rows, two rows forminj» 
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tench. When ahale or other oil yielding material is being operated 
Vpnn and the princijMil object is to obtain oil, the mineral is dealt 
irith in the following manner in each pair of retorts. Fresh shale 
& filled into the retort at one side, and for a suitable time is 
aabjectcd to a comi>aratively low temperature to obtain the oil in the 
1)est manner. When the material has become reduced to "spent 
shale " or coke, a much greater heat is applied to it and highly 
fuperheated steam is injected into it in order to decompose the coke 
uid drive olT most of the remaining carbon and the ammonia. At an 
ioterval of time equal to about one half the time occupied by the 
two stages of the treatment of the mineral in one retort^ fresh shale 
is filled into the retort at the other side of the bench, and the highly 
heated gases and vapours produced by the 2nd process in the one 
Jetort are led through the fresh minerals in the other." 

1884, April a No. 6094. 
YOUNG, William, of Priorsford, Peebles ; and BEILBY, Geobgk 
Thomas, of Mid Calder, Midlothian. " Improvemenls in the dutUlaiion 
ttf mineral oih, and in tlw, apjtaralus emploi/fd therefor." — " The guiding 
lainciples on which our process and arrangements are founded 
are (First) continuous distillation, (Second) the utihzation of the 
"iu&t from the fuel, employed to efTect the distillation, in such a 
jnanner that the high temperature where the combustion is effective 
.'{■ made to distil the oils having a high boihng point, and that as 
the products of combustion lose heat by distilling the said oils they 
made successively to distil the more volatile oils, so that by 
)Uie time they reach the flue leading to the chimney stack the heat 
^las been fully utilized ; (Third) the separation of the oil vapours 
■rising from the oils of different densities as they flow from the 
Jtotter end of the still ; (Fourth) the conjoined heating and partial 
distillation of the oils on the way to the still, and the condensation 
ioi the oil vapours coming from the still in such a manner that the 
jcold oil flowing to the still will first act as the condensing agent for 
tht more volatile vapours from the still, and that as the oil becomes 
.gradually heated, it will be made to act successively as the condensing 
medium of the heavier and less volatile vapours and by being 
thus heated and applied wiU act as a means of further fractionating 
the oils and at the s:i.me time conserve the heat of the oil vapours. 
/The still which we employ to carry out the process of distillation 
lOnbracing those essential features b so constructed that the oils 
(irhich are to be distilled are made to Sow in a tortuoua t 




MINERAL OILS AND BY-PRODUCTS. ' 



eitber horizontally or vertically by means of divieioiu in tlie iti]], 
and the vapours arising from the oils flowiug in Uiis unuw 
tiiAiincr are isolated in thti diSerent stages of the flov, \>j luu 
of partitions hanging from the roof of the still and dipping iniDtie 
oil, the oil vajjoura being drawn ofT and conveyed to the mmhiood 
condensers by a still head and connecting pij've. The distiUatioi mQ 
be continued for considerable [wriods when the oil ia clear and DHilf 
nil volatile, but when the oils contain solid matters in ^iispciuioD or 
eolution, the residues must be drawn olf from the still's la^t dinsicB 
whilst tbey are in a liquid state, and treated in separatfi residnt 
stills. A still, having the aforesaid character, may be of vanum 
forms, but the form we find most convenient is a long cjlindtrtf 
malleable iron built in brickwork in the usual manner, but Intipg 
rollers or other provision to allow of the expajision due la lb 
oxtru length. In cases where the oil has a tendency to deposit njM 
the walls of the still, the still may be built up of cast iron segmvB 
bolted together, and a stirrer may be made to rotate and keqi til 
Bolid matters from being depositciL The still in whaCever waytt* 
structed is heated so that the flregascs travel along the bottom tti 
sides of the still, in the opposite direction to the How of tb( <S. 
undergoing distillation. The best condenser and beater cnmtanJ 
consists of a vessel containing a number of vertical tubes, Gx«I iu^ 
the bottom of said vessel, underneath being a chamber to coiled tit 
condensed oila" 

1884, April 8. No. 8409. 

YOUNG, William, of Priorsford, Peebles ; and BEILBY. GbwO 
Thosias, Mid Calder. " Imprwrnwntx in thu distillation of mmffdtH 
their Tesidvfs, ami tart, and in the appaTuivs empUn/ed therffor.'—"'?^ 
apparatus for carrying out this invention coneistB of a vcmdI BdB- 
taining a series of shelves or trays placed over each other, all letag 
buOt of malleable or cast iron. Tlie oils, their residues or tu* 
are made to flow down from tray to tray of the arrangement, wluli 
a current of superheated stoam ia made to lliiw upwardii and effid 
the distillation of the oils, their residues or tars. The trays are filled 
with broken materials such aa iron balls, coke, &c, expodng a hlf 
surface." 

1884, September 11. No. 12,386. 

DOW, Peter, of Whitelees, Lanark, "ImprovemmU m nterttjn 

dinlilHrig uluilf, fo<il, and othfr loibstaTtca," — "The invention rektMU 
the use of steam itnd air for distilling purjioses in the vertical robM 
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in the lower part or chamber of such retorts. A vertical steam pipe 
IE placed at the exterior of each retort, and such steam pipe is 
provided with a series of brunches at different levels, each such 
branch having also upon it a valve or cock for opening or closing 
the admission of steam as required. — A further valve or cock is also 
provided in each case for opening or closing the admission of air. 
A spy hole with a shutter is also formed in the said retorts in the 
neighbourhood of the several branches for the purpose of inspecting 
bfl state of the material at different levels in the retort" 

B 1885, May 16. No. 6048. 

BtKEN, Henry, of Falkirk, Stirling. " Improfemnts in iU Ireat- 
Wk^ of carhnutceous, bUmninovs, ciUcarftnis and other subatai>e/is to obtain 
^Pniucb therefrom." — "The invention consists in sending either all 
gaseous or volatile products, or a portion thereof, resulting from the 
substance undergoing combustion or distillation into the vessels or 
chambers themselves ; or gaseous or combustible products obtained 
from an estemal source may be used. The gaseous products, by 
being wholly or partly burnt in the vessels or chambers, increase the 
temperature within the same and thus eSect the dlstillatioQ or 
burning in such vessels or chambers of substances which are not 
easily burnt or distilled by the heat produced therein by the intro- 
duction of air or steam or air. The gaseous products may bo 
admitted to the chambers or vessels either mixed with the air or 
steam or air and steam or they may be admitted either at the same 
level or at one or several [wints either above or below that at which 
air or steam or air and steam are admitted." 



r 



1885, October 29. No. 13,014. 



HENDERSON, Norman M'Farlane, Broxburn, Linlithgow. 
" Improvements in apparalns for dixlilling shale w other mineral oil or 
petndeum." — " In carrying out my invention the distilling processes 
are conducted in a continuous manner and so as to obtain more 
uniform results than when the oil is dealt with in separate and 
distinct charges. One form is what is known as a wagon shaped 
stiU for the primary one, and two secondary stills one each side of 
it of the same shape. The primary still is connected by pipes and 
stop-valves with the secondary stills ; and each of these two are con- 
wled by pipes and stop valves, with two or more coking stills, 
~ ieh laet are used in rotation, one being cleaned while the other is 
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in use. The primary and secondary stilU arc hesMd brfoimMi 
built' so thitt the legs or lat«rAl deeper parts are built iDtowilUiirf 
protected from the direct fire heat. The fire gnite is pre((n% 
placed in a low position between the two walU canring the fli^ 
the apace above the grate and between it and the concave 
of the still serving as a combustion chamber and tending to jniBt 
smoke. From the combustion chamber the firegase^ put lloif 
under the concavity of the stili from the front end to the Wk 
returning by flues at the sides and finally descending by wi 
flues to underground flues leading to tbe chimney. In the pria 
still the oil operated on enters by a vertical feed pipe jiMt <% 
bolow the top surface of the oil, whilst in each secondnry still, ikl 
oil enters by a horizontal feed pipe eituatod at a short 
above the top of the concavity of the still bottom, the feed |^ 
entering the still at one end, and delivering tbe oil at the other tnl 
In such cases as a small qumitity only being distilled the Mooodnj 
stills may be abolished, the primary one connecting direct to 
coking stills." 

1886, NoTember 15. No. 14,840. 
YOUNG, John, Stoke on Trent " ImprovrtnenU in coHviwiij 
ilistitling coal or /hah," — " My invention consists in adding U 4t 
coal or shale, after it is placed in tbe retorts for distillation, comM 
salt to the oxt«nt of 4 lbs, avoirdupois to every ton nf m4 
shale &c. The products resultuig are much more euil/ fn^ 
from sulphur compounds; the ammoniac&l products 
quantity." 

1886, December 2. No. 15,772. 
TENNENT, Robert Brow-nb, ^Vhifflet, Coatbridge, LwiA 
" Improv^nents in the dfstrwlive distUlation of sbaU ami aihfr 
and in relorts therefor." — " The improvements as applied to a laid 
of four or any greater number in a parallel row of close reuni. 
are arranged vertically, each preferably of a rectangular ihaft 
inside and outside in horiEOntal section, and having their 
mostly built of fireclay bricks of equal thickness throughout the boij 
part, so as to be heated by flame flues surrounding this, which il 
strengthened by numerous odd bricks across the surrounding 
tical flues to stay and keep the walls in proper shape. E«h Ma* 
is formed or fitted with a cast iron filling or charging top c«»e. 
mouth-piece built into the brickwork and extending down U> d* 
neck of the brick retort — the body part of which tapers or miea 
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it on a]l the four sides towards the bottom like an obelisk. From 
lis straight wide part however the discharge end is curved at right 
igles to the body, within the strong basement brickwork and lower 
lit of the main outer front walla enclosinj; the whole set of 4 or 
ore retorta when they are extended in line. This curving out 
Bchai^e end is cased with iron on the lower side, and contracted 
1 the upper curved side towards a rectangular cast iron discharging 
outh piece with ordinary closing and opening doors, and secured 
I the front walls on opposite sides, at a convenient height off the 
wr level to deliver the spent material. Each pair of retorts eo 
iii8truct«d (preferably 8 to 12 times their width in height) ore 
lilt back to back in the transverse direction, with their discharge 
wer enda curved or branching outwards on opjjosito sides from 
tch other through their respective front side walls, and over their 
)t air and g.is distributing and uniting flues and pipes ranged in 
le basement brickwork below each pair of retorts which they have 
I supply and heat." 

1887, May 31. No. 7867. 

William Milligan, and SNODGRASS, James, Ptim- 
beraton, Midlothian, " Imprnvemenis in p-imanj dislUUnff app/iralus 
r ^uUe ifc." — " Each retort on one side of a bench is dealt with as 
pair with the retort adjacent to it on the other side of the bench 
ad the lower brickwork parts of each pair of retorta are built of 
form which is rectangidar or approximately so in horizontal 
section, the compartmenla for the two retorts being separated from 
each other by a comparatively thin brickwork partition which has no 
flues passing through it. Fliics are formed round the pair of lower 
parts for the passage of ignited gas to heat them, such gas finding 
its way into the oven space in which the upiier part of the retorts 
are placed, and from thence finally to a chimney. In this way 
overheating the middle adjacent parts of the two lower retort 
sjiaces of a pair is avoided and the formation of clinker at those 
partfl is prevented, whilst the ignited heating gas is better used on 
the three sides of each retort sjiace. The heating is in effect more 
uniform across the retort spaces, the treatment of the material 
more equal and complete, and its descent more regular. The 
retorts at the same time are rendered more dui-able, whilst the cost 
for rejiairs and maintenance are lessened. Those improvements are 
applicable to retorts at present in use, as well as in the building of 
new retorts." 
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1H88, July 7. Na 9893. 

JONES, James, Dalmeny Oil Works, Linlithgow. " Iw^rw^ 

in vertical or inclined TetorU for distiUing shuU," — " One modifialioo i 
tho invention consisU in conatructiDg thnt portion of the uadea^ 
of the discharge orifice or mouth picco more or less a()|in>clmiltl) 
flat or at a slightly obtuso asgle with the vortical uit ol ifa 
retort. Another way the discharge orifice is formed in » ffl* 
tinuous incline from the line of its jiuiction with the huttom of Ik 
retort to the discharge door," 



1689, Juno Xi. Na 9783. 

INKERMAN, Alexamdek Nkiison, Renfrew, and BLiCS, 
Wm., SUtmigg, Airdrie, Lajiark. '' Imj/romn^nts in diftUHnf i^ 
(Ml dtc. and in relarls." — "The improved retort or dumbo ■ 
built of firebrick iu the form of a. hirgo cylinder and pwftnUr 
enuaned by a shell of sheet iron to exoude air. A hopper ia fiiH > 
the top, to which the sheet iron is securely jointed. Adoorordoon 
may ulso he jointed to the shell at the bottom for drawing off ra 
from the retort. At or immediately above the lower dooms jiCd 
steam is introduced, and also a supply of air, both of which nay V 
regulated according to the heat required. The retorts may ht hi' 
singly or in groups. The retort when applied to chalo distilUlin 
for oil &c, is preferably built vertical and is of great height ami bojl 
dimensions, and it may be oblong at the bottom, tapering sli^fallfi 
and regularly, narrower towards the top. The action of iha nMt 
is practically continuous, a portion being drawn from the botM^ 
and a fresh jrartion charged at the top at regular internk 
contents of one retort may be as much as SO tons or mco, I ' 
thereabouts being drawn from it and au ec|Ual quantity a 
daily, thus ensuring the material to be under the action of tla 
heated va.[)ours or gases for 4 or 5 days. The outlet or outlets fo 
vapours are at the top part of the retort. The partially spent nhil 
is burnt at the iiottom by the steam and air the hot \'apoi]n 
gases from which pass up through the mass of fresh shale whenll 
the oil products are distilled imder tho most fa\-ourable t 
stances. In cases where carbon is deficient in the spent mAtcrial (t 
maintain the desired heat) a small quantity of coke-breeze, cinds 
or anthracite coal may be charged along with the material b 
operated on." 



1889, March 16. No. 4597. 
YOUNG, William, Prioreford, Peebles, and BEILBY, Gbobgk 
Thomas, Slateford, Midlothian. "Improvements in Iht diftillatvm of 
fuineral oils and apparalus therefor." — " An arrangement Buitable for 
die continuous distillation of oils when a high temperature has to 
I employed as with oils in a cnido state or after their grosser 
imparities have been removed by a treatment with acid and alkali, 
eoiisists of a vertical ' cylindrical ' dome covered still composed of 
outer and inner shells of such dimensions that the annular space 
1)etween them is just sufficiently wide to admit of access for cleaning. 
The whole shell ia built of malleable iron or steel plates with the 
HEception of the dome shaped crown of the inner shell which is the 
IRTt exposed to the greatest heat and is preferably made of cast 
The annular apace between the shells is divided into compart- 
tenta by horizontal partitions. These compartments communicate 
rith each other and with the chamber between the outer and inner 
lomes, by means of covered tubular openings which trap the vapours 
IS they are evolved from the oil and allow them to pass up through 
Hie oil contained in the upper chamber. There are also other 
[ipenings through the i»artition for the passage of the oil. These 
openings are arranged to cause the oil to travel in a circuitous 
course roimd the annular compartments and through the upper 
chamber. The residue is drawn off from the upper chamber into 
: stills in which it is distilled to dryness. Steam may be used 
o assist the distillation of the vapours, but in far teas quantity than ia 
igenerslly used, because the more volatile oils partly serve the same 
purpose as steam. The oil vapours are condensers as explained in 
Pgt«nt No. 6094 of 1884. Stills constructed and worked in the 
kbove described manner may be worked in a aeries of two or more." 

1889, June 24. No. 10,277. 
3EWAR, James, Cambridge; and REDWOOD, Boverton, 

incbley. " ImprovemetUs in the dkiillation of mineral oils and in 
fparalw for that pirpose." — " We arrange a suitable boiler and a 
DOndenser in free communication with each other, without inter- 
posing any valve between them, but we provide a regulated outlet 

r condensed liquid from the condenser. We charge and keep 
ehai^ed the space in the boiler and condenser that is not occupied 
tqr liquid with gas under considerable pressure, it may be with air, 
liHt preferably with carbonic acid gas, or other gas that cannot act 

V 2 
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chemically on the matter treated The dietUlation and 
being thus conducted under considerable proseure, which «n It 
regulated at will, we obtain from heavy (petroleam) residnmBl 
quantity of more or less light oil suitable for illuminatin;^ parjiw^ 
which cannot bo obtained by distilling under atmospheric prewm 
A suitable valve should be provided for drawing off anj bcondw 
able gases. We may also arrange the top i»rt of the sppmliB* 
aa to ' crack ' the oil, but at a high pressure instead of at 
pressure as is usual." 



1889, August 17. No. 13,016. 

DEWAR, Jasies, and REDWOOD, Bovkrton. " 

in distillation of mineiW oih, aitd tn ap^ratvs thertf&r." "TotMi 

heavy oils of high viscosity needing little subsequent purito 
tion wo conduct the distillation under a regulated pressure )o« 
than that of the atmosphere in a current of air or other gis ^ 
cannot act chemically on the matter treated, our nrrangonrtli 
being such that the distillation is continuous. The t^tort ud 
receiving vessels are all connected with an air pump. The retact: 
provided with the necessary pipes for the admission of lie linf 
other gas, and also a pipe as an inlet for the oil to bo distjlled.' 



1889, October 31. No. 17,232. 

HENDERSON, Norman M'Farlank, Broxbum Works, LinUtigaf. 
— "In my invention for distilling lubricating oils from reaiduH&i; 
I employ a still of circular form in plan, having a homispbe 
cast iron bottom with an upper part of wrought iron o 
of an enlarged diameter. The still is snp[>orted on walls «i;k ll 
still bottom at some distanco above the fire grate ; and s 
superheated by the same fire, being passed through a coil of twH 
arranged round the upper part of the furnace space, aneh n 
part being hirger than the fuel space. The superheated stem pi 
into the still through a continuation of the piping, which iJlri 
of the still is arranged in coils two or three of which lie inshl 
zontal plane close to the bottom of the upper enlarged part of ll 
still, and from these coils the piping is continued in two o 
coils extending downwards near the sides of the lower part of tl 
I which is of smaller diameter. From the end of the coils U 
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referred to the pipe is led upwards and out of the upper part of the 
still to regulating valves and thence again enters the still and 
proceeds nearly to the bottom where it issues among the oil and 
assists in the usual way. The steam is highly heated when first 
entering the still but in passing through the coil it yields part of 
its heat in an effective but non-injurious manner through the 
pipes to the oil, and when it finally enters openly amongst the oil 
its temperature has become suitably reduced. The various parts of 
the piping are provided with suitable valves externally so that 
steam can be led into the oil direct, as it is desirable to shut off the 
steam from the coils when the oil in the still has become lowered to 
a certain extent." 
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Balltntine retorts, 12 


boiling points, latent and ape. 


Ptthgate oil work, 3, 2U 


ciSc heats and vapoiu- densi- 


Co., Limited, 17, 20 


ties of, 200 


BalhTiUe oil work, 20 


lighthouse, 138 


Bajtter and Macaj'a method of cool- 


— — marine, 138 


ing, 150 


— — price of (1864), 11 


Besnm^ degrees compared with ape- 


— oils, photometric testa of fractions 


cifio gravity and Twaddell, 261 


of, 230 ' 


Bailby's method of cooling, 151 


stills, construction of, 121 


— retorts, 81 


treated, 137 


• compared witli Henderson and 


Bunitialand Oil Co., Limited, 17. 22, 


Vertical, yield of crude oil. 


30 »| 


4c,, 83 


"Burnt "oil. 47 \ 


method of working, 82 








— — principii! features of, 83 

1 


UALSnosiA Mineral Oil Co., 13. 22 J 
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Cftledonui oil work, 22 


Coke tawet naphtha, oondeOBcr, 103 


Capeidrae oU work, 18, 22 


bealer, 104 


Capital of the oil eompanips, 31 


fitill. 105 


Capimthall Bog oil work, 22 


yield ot, 107 


Canibusljng Oil Co^ 7 


— why and how formed, 52 


CarlUle and Co., 8 


— yidd of, 12.'i 


Carlowrle oil work. 22 


Coleman's method of titracttog 


Carrick and Arnot, 11 


naphtha from retort gaasa, 106 


Champaeurie oil nork, 18 




Char used in wax reSaiug, 165 


tart for latty oil in.231 


Chrjseue, 124 


test for miuerala in, !SS 


— prepuralion of, 251 


te«l for rt«n oUin. 232 


CljppiuB Oil Co., Limited, 17 


test for WM in, 231 






Caider Oil Co,, 19, 22 




Clyppina oil work, 17, 22 


denser 


ClydfiEdale Chemical Co., 7, 22 


— (or stills, calciilatioa for sin it, 


Coal, Boghead, price of, 


193 


— Coatbridge, yield of crude oil from, 


. Cilculationa for wat« »■ 


M 


quired for, 201 


— Methyl, yield of crndo oil from, 


danper from loo long COoliBS, 


12 


119 


— Parrot, 11 


reguUtion of water gopplj 


— Piruie, 11 


for, 119 


Coatbridge oil work, 14 


— laboratory, 239 


Cobbinsliaw oil work, 18, 22 


— wormB, calculations for jfi^ uf, 


Cooifioiont of esiansioa, 117, 241 


199 


Cold tent and percenl^o of wax, rek- 


Coneypark oil work, 22 


tion between, ai7 


Contract of copartnery betmM 


and viscosity, relation between, 


Young. Meldrnm and Benney, 5 


221 




bow to dct«riiiine, 215 


of, 198 


Coke, analysis of, 249 




— soda, 210 


of shale in ovens, yield fiom, 


recovery of soda Crom, 210 


7 


— tower, 54 


Cooling, Bcilby's method of, 151 


amount of oil circulated' 




IhroURli, IfG 


of. 53, 153 




— cylinder, 148 


107 


— drum, Young'a. 117 


construction and method of 


— Henderson's method ot, 155 


workinR, 100 


— Macayand Baiter's methodof, ISO 


naplalia. 102, 1J3 


— McCu(chon-8 method of, 153 




— pond for spent shale, 108 


working, 106 


Cowan's horizontal relort, 60 


^^^ Wilhnm Young's, 107 


Crncker boxes, 1T6 
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CtBcker boxes, oily bases from, 187 


Distillation of oils, the functions of. 


[DiBckiDg caused by distilklioo, de- 


51 


mouatration of, 51 


— of shale, general outline of, 54 


- oil by pressurp, 195 


— regulation of, by steam, 118 


■_ — by 1188 of ft column, 196 


— wenuB acid and Boda treatment. 


by use of a column, fallacy of, 


248 


107 


Distilling, 110 


Iraigia oU work, 23 


— data (Chapter 71.), 191 


huflhead oil work, 7, 22 


Dougal's oil *ork, 9 


bu WD point oil work, 22 


Drumcross oil work, 22 


bide oil, daoger from trater in, 116 


Drumgray oil work, 22 


- — exiKinBion of, 117 


Drjflat oil work, 22 


— oilfl, cbaracleriutics and impuHticfl 




of, 48. 123 




from yariouB relorls, 123 


Eably method of extracting wax. 


shales, 123 


155 


laboratory purification of, 237 


East Pulton oil work, 22 


oorrectiocii necessary for, 


Egga for acid, 129 


245 


Eiplodon doora for retort gas mains, 


delaila of, 241 


92 


necessity for beiDg free from 




dirt and water, IIC 




- — products from, 124 


Famoch lawsuit, 7 


- — stills «M Stills 


Fatty oiK teats for, 231 


- — theory of refining, 48 


Fttuld'a oil work, 10 


where first obtained in England, 


FeU'8oilwork,9 


2 


Ferguahili oil work, 22 


Irade scale, 140 


Fernie'a oil work, 18 


^Btallisation effected by n^ode of 


Filter press, 156 


cooling, 53, 153 


Financial lossua, 30, 32 


k- promoted by diatillation, proof of. 


cause of, 33 




eiouses for, 33 








heail coal, 1 


ALHBHI Oil Co., Limited, 16, 22 


Finished liquor, 7 


ems oil work (Westlothian Oil Co,, 


First stage oil atiUa. method of frac- 


Limited), 18 


tionating distillate from. 


lebenturea and loaDs compared with 


132 


orij^iial cajiital, 30 


— — — treatment of, 1,33 


tanuet and Brown oil work, 15 




lenaet ahale, 15 




tepreciatiou ol sbnrc values, 32 


— points, how to determine, 218 


hstilktion, cracking causrd by, 51 


Fourth eUge oil stills, meiho.1 of 




fractionating diatiUate from, 139 


- of oils, impurities separated by 


Fnel for coke tower naphtha appara- 


51 


tus, IOC 
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Fuel for HeoderBon retorts, 71 


Heavy reaiduum stilli, method of fru- 


vertical retorts, 68 






HendeiBon's method of cootmnNit 




distil latiou, 198 


Galletlt'b connection paraffin was, 6 




— improved retort, 68 


features of; 198 


— improvement on Kirk's vertical 


of cooling, 150 


ret-ort, 08 


— retorts, m Retorts 


Gas, fallacy of extracting all nnphtha 


— BweatiDg apparatus, 163 


from, 68 


High Poasil oil work. 22 


— from ur cDndenscrg, temperature 


Hulmps Oi! Co., Limited, 18. 22,30 


of, 100 


UoriMnlttI retort, laige Mze D, fiO 


Henderson retorts, analysis 


setting, 61 


of, 250 


— retorts, <« Retorts 


volume of, 106 


Hurlford oil work, 22 


stiUg. 125 


Hutches, 56 


Young and Beilby'a retorts. 


Huchinson's oil work, 24 


volume of, 106 


Hydraulic press, 155 


Gasoline, boiling point, latent and 


Hydrocacbooa, 46 


spedGc healB and vapour den- 




Bity of, 200 




— preparation of, 143 


Ihjbotobs for burning oil, 187 


— Btill, 143 


Inkerman Oil work, 17,36 


method of fractioning distillate 


Inverkeitheo OU Works Co^ 9. 24 


from, 143 


— retorts, 12 






11.), 38 




Glasgow Scottish Oil Co., 14, 22 


JouKBTOKB oil work, 17 


Glenture oil work, 22 




Grange oil work, 22 




— Pans oil work. 23 


KiLWiNNiKO oil work, 24 


Greendykea oil work, 22 


KlftK'a vertJCid retort, »ee Retortl 


Grecngairs oil work, 22 


Kirltwood, oil work at, 14, 24 


Greea liquor, 7 








Griffith's retorts, 14 


Laboratory and works Rsnlts, dil^ 




ference between, 249 




— (Chapter VIII.). 214 


Habtbill oil work, 9, 22 


— cold press, 239 


Hermand Oil Co., 22 




amalgamntion with Wal- 




kinshsw Oil Co., 19 


for, 245 


work (Denoet and Brown), 


details of, 241 


15,22 


form for reporting resulU^ 247 


Heavy oils and was, method of ex- 


of crude oil, 237 


tract lug wax from, 140 


— still, 237 
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ftboratory vim press, 238, 239 


Midlothian Oil Co., Limited, 17, 24 ^^1. 


■nark Oil Co., Limited, 18, 19, 24 




•n&rk oil work, 24 


peos. 19 , 
Millbum oil work, 18, 24 


memark oil work, 24 


atCDt heat of oils, 200 


Millar & Son's oil work, 8 






ighthooBe burning oil, 138 




imerigg oil work, 24 


Naphthi from air condeoser, sfe 


biHthgow Oil Co., Limited, X8, 24 


Air condenser 


losses ot, 30 


— treatment. Sec, 143 


mngstane's (Dr.) coanection with 


Nimmo & Son's oil work, 12 


Addiewell works, 11 


Normal paraffins, boiling points of,259 


nana and debenlures coin]>cired with 


— — chemical formulre of, 260 


ori^ttl capiiul, 30 


preparation of, 257 


[tehgolly oil work, 24 


North British Oil and Candle Co., 12, 


Dw PoBiul (ul work, 24 


24 


lubricatiaR oil distillatea, 142 




■ — specific beat of, 200 






Oakbank Oil Co., Limited, 15, 24 


■ oila, method of raising flash poiDt 


work, 8, 24 


of, 142 


Oil burners, 187 








— traps, 210 






Iacav and Baxter's method of cool- 


20 


ins. 150 


total number that have been 


■rine bnniing oil, 138 


in existence, 28 


IcBeath's relort, (i9 


Oily bases, 49 


cCutchon's cooler, in3 


effect of, on oils, ."iO 




— — extraction of, 250 


steam for retorts, 93 


from cracker boxes, 187 




OlefincB, 49, 52 


cLagan's Oil Works, 14 


Old Monkland oil work, 24 


eldrum, 2 


Once run oil or distillate, 124 


elting points, (Ictcrmiaatinn of. 


treatment, 131 


223. 


Origin of Scotch oD trade, 1 M 


■ — of crude scale, 140 


— of shale oil indnstry, 3 ^^^H 


ot wisturBS of was, calouU- 


Over Fossil oil work, 24 ^^^H 


tiODs for, 224 


^H 


of miilures of wax and 


^^ 


stearins, 221> 


Paok & Co.'s oil work, 24 ^ 




Paraffin oil work, 24 1 


eth jl coal, tee Coal 


- wax, .« Wax I 


etbjt Paraffin Oil Co., 24 


Paraffins, normal, are Normal poraf- 1 


-paraffin oil work, 11 


6ds 1 


Cdcalder OU Co., If., 24 


Palhhead oil work, 24 1 


i 



^^BCl^^^BI 


331 MWBRAL OILS AND BY-PRODUCTS. 1 


Paul and Grey's oil work, 9, 24 




reiitlwid oil work, 17,24 


— Beilby'a, «1 


— Retorts, we Retcits, Xoung and 


method of worfciift BB 


Beilby 


objecUooable fisttiRi 4 89 


PhenolB, 49 


principal feaWTBt of, M 


— effect on oils, 50 


yields, Ac. from. <ai^ 


— extractiou of, 253 


with HendeiiM^B ui •«■ 


Fhilipetoun oil work, 18, 24 


ti™l,83 


Photomelric t«ste of burniiig oU 


— Bell's LoriMmtal, flO 


frflCtioDB, 230 


— Conan'a horizouUl, 60 


Port Dundas oil>ork, 34 


— expioaion doon Cot gH mmi. 


Practical (Cbapter IV.), 64 


92 


Frc«a clotbB, analfBiB of. 250 


— forms ol, Srst uwd, 5 


— filter, 156 


— gaa from, ■« Oas 


— hydraHlio. 155 


— Griffith's, 14 


— laboratory, 239 




Pressed oil, treatment of, 141 


iag, 7C 


Pressiog, 14fi 


fallacy in nsing fptDtdak« 


— theory of, 159 


fud in. 7.i 


Prewure stilU, Me Slills 


tavouiuble feaWrw d, 76 


Products (roin crude oil, 124 


fnel mod in, 74 


shale, 97 


hourly yielJ from, 77 




Ubour required, 71 


Co.'h losses, 30 


life of, 78 




~ — method of working, K 




objectionable featoR) ut Tl 


ItEcovBBED add, 205 


reduction of fuel for, 7S 


method of obtaining, 205 


shale charges for, 78 


— soda, 206 


strength of ammoni* ■•■ 


Residuum stills, method of fractio- 


from, 189 


Tiatiog, 139 


venm vertical, oomiwisa d 


Refining, 110 


yields, &c„ from. 79 


— theory of, 48 


— borizoDta) ventu vertical, cotrf 


Relations between cold test and vis- 


working, G2 


cOMty, 221 


market TgluM d [» 


specific graTi^ and visoosily. 


ducts from, B3 


221 


yield of flniidicd podl* 


Retort condeuscrs, see Air condeuaers 


from, B3 




yields of erode 9il,tet 


— first advaocctneaiB in, G8 


from, 62 




— InverkeilhonTs, !2 


— theory of, 46 


— Kirk'e vertical, 59, 64 


— f, refining, improvamenta in, 28 


Gftlietlr'a injpfo«ma« i 


Retorts, amount of vacuuin id gas 


68 


mains, 94 


aielhod of woritlog. Gt 


— auxiliary apparatus, 93 


— large sized D horitoctJ. SO 
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lUtorlB, MrBealL's, 69 

— mutiiml of charging, S7 

— result of Dsing aWt,ia ifi, 07 

— setting for horiiwn!rtl, f.l 

— vertical, capacity of, CO 

fuo! nsfU in, G8 

labour required, 74 

life of, f B 

shale charses for, fiG 

ver$ut Henderson, 79 

venui horizontal, see BalortB, 

horisnotal veriut vertical 

— Young and IJeilby's. 84 

claim* made for, 8fi 

coal, 87 

— cost of working, 90 

erroneously rejiorlEd large 

yields of ammonia 
from, 91 

exceptional size of, 89 

hBzBnloQS working of, 

life of, 89 

MoCntchon's proposal 

for cliea]ening ausl of 
steam used in, 93 

• — shale charges for, B9 

special novelty, 87 

verius Henderson's, steani 

nsed.b, 93 

strength of ammonia 

water from, 189 

V. Henderson's, yields of 

crude oil, &c. from, 90 

V. Henderson's, yields of 

fitiishod [itoductsfrom, 
90 

V. Henderaon's, yields of 

scale and liibricatiog 
oil from, 91 
-— Young's horizontal D, 57 

vertical, 58 

faults in, ,58 

improved, US 

- wbsD steam was Grst used in, FIT 
Biggend chemical aod oil work, 21 
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Ronchsole's oil work, 24 

Rosin oil, test for, 232 

Hoss oil work, 24 

Rosa & Co. (Pbilipstoun oil work), 

18, 24 
Eoughcraig oil work, 24 
Rowatt and Youll oil work, 24 



Sacking, analysis of, 250 
Scale, crude, 140 

early methoiiB of eitracting, 

155 
melting jjoinls of, 140 

— determination of dirt in, 228 
of oil in, 228 

of water in, 229 

Scottish Mineral Oil Association, 34 
SeaSeld, oil works at, 17 
Second st^e oil stills, metliod of 
ftnctionating distillate 
from, 133 

— treatment, 135 

Secret oil work, 6 

Separator for oil and water, 97 

Setting point, 215 

and jiercentagcof WSJ, rolaliiin 

between, 217 

and viscosity, relation between, 

221 
Sevinbill oil work, 2G 
Sosewell oil work, 24 
Shale and coal, differanco l*twcen, 
41 

— breaker, 54 

— — why used, 55 

— chemical composition of, 45 

— cooling pond for sjicnt, 108 

— curly, 4U 

— Donnet, 15 

— distillation, genera] outlines of, 

64 

— distilled per annum, 28 

— Belds, boundaries of, 38 

— leafy or scaly, 42 

— plain, 42 
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Shale oil munractuTe, diignm of, 166 

— product* [roin, 97 

— proof that oil does Dot exiit in, 

46 

— relative yields from, 16B 

— SMim*, tituQes of principal, 40 

seelional diagrsm of, 3a 

HXIioDal diagram of, referracea 

10,40 
Uiicfcoew of principal, 40 

— theory of dUtillatiaa of, 4e, 43 
Shales, chemical compoaition of 

spent, 45, 48 

— specific gravity of; 44 

— widely diverging characters of, 

42 

— yields of crude oil from, 42 
Bhend'it ml work, 26 
Sharehiildera* poor pnwpKtti, 30 
Shares, depreciatiou in, 32 
8hettlc8tQn Oil and Cliumical Com* 

pany, 20, 32 
Shoti'Boil work, 12,26 
Simpson's oil work (Benhar), 9, IB 

(Oakbank), 8 

(Upball and SterUw). 14 

Bmiih Brothers and Marling, oil 

work, 18 
tSuda coko, <e« Coke 

— recovery, cylinder process, 206 
lower process, 20** 

— stills, tiiettiod of fracticoDling, 

HI 

— inr, 49, 12G 

recovery of soda from, 206 

i-oEt of apparaiiiB, 20t) 

SolidiiViig poiii', 214 
tSpcciBc heat, &c of shale products, 
200 



Spent ai 

— shale, 4S, 4H 
SUndardOilCo.,33 
Sianiigg oil work, 26 
titeoTHtiai, iL-st fur, 232 



Stearins, determiuai 
point of, 224 

— melting points of tdaingiB A 

Steam, are RetortB and Stj 
Steel's oil vork, 10 
StfrUw CHI Co., 20 

— oil worii, 15, 28 
Stewart6eld oil wor^. 26 
Stewart's cal work, 2S 
Still-cods, are Chrvaene 
Stills, first sti^e, diciImhI at In 

tiatiug distilUtB fimn, US 

— second stage, DiwtbuJ <i( fno* 

Dating distillate frmi. lU 

— thml stage heavy, HMtbod <l 

fractionatiiig dmiSn 
from, 136 

light oil. method of &»•*■ 

nating distillate fiini,11i 

— fourth siBgp, method of fncb* 

nating distilUtc fniin, 139 

— ammoniit, 173 

— burning oil, cosr ruction of, IB 

— CH|«city of, steuii and UlourM 

rdoting tn, ]il5 

— coiideuser, danger from too !■>( 

cooling, 119 

regulation of waier supplj fc 

119 

— cnide and heavj? oil, 112 

— feed, 133 

— furms of, first usei!, 110 

— g»a from, 125 

— puoline, 143 

method of fnctiouatiiig (Gci^ 

late fnjm. 14r> 

— giadtinl iroprovemenl* in, 110 

— heavy reai.iuuni, 13a 

— IsboralJiry, 237 

— livw, ftcor, ini 






21 



— prensiin-, ISi.i 

consiiuctiou of, l!i5 

iircihai uf wurking, IM 

yldJsIrom, IDft 
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ragulation of diatillRtion by 


Treatment, of bDming oil, 137 


ktwm, 118 


— ofooke tower naphtha, 143 


pm to be left for expanaion whon 


— of lubricating oil, 142 


Asrgiag. 117 


— of oils, modui operandi, 128 


■raters wed in connection with, 


— of once run oil, 131 


U6 


— of pressed ml, Ul 


Ib, method of fractionating dia- 


— of Bcmi-raSned air-condenser 


aUle from, 141 


naphtha, 143 


BDuaedin, 112, 1!I3 


— of small u. large quantities, 130 


HH usol in, McCutohoa's 


— u. distillation, 110 




Twaddell degrees compared with 


— in, methods of superheating, 


Bcatimd and specific gravity, 261 


114 
nnOilCo^Limited, 17, 20 




iloi oil work, 2G 


UDOiuasTON Oil Co., 26 


m'» oil work, 2fl 


Uphall Oa Co, amalgamation of, 1 


big procesB fur wax reRning, 


with Young's Co., 16, 19 _^HI 


' 163 


Limited, 16, 26 ^H 




— work, 14, 26 ^H 


kc Acid and S.'da tar 


Vag0dii in gas mains of relorte, 04 ^^H 


ft oil work, 2(1 


Vapour density of shale oils, 200 ^^H 


IWical, general (Chapter IIL), 


Taneline, ^^M 




Viscosity, effect of heat on, 222 ^^M 


stage heavy oil stills, method 


— how to delermine, 220 ^^H 


of fractionating dlstillaie 


— relation between specific graTtly ^^H 


1 from, 136 


and, ^H 


Eght oil eiills, method of frac- 


Yalcon oil work, 26 ^^H 


tii>DaiiDgdiBtiikte from, 13ii 


^^H 


me oil work, au 


^M 


ihill mineral, 3 


Watbh discharge from works, inci- ^^H 


W oil, 210 


dent connectGd with, 212 ^H 


1 oils, acid left in, 2(M 


Waierford Oil Co., 14 ^H 


Bg, acid used in, 49 


Wax, dirt in, 228 ^^H 


Btor, centrifugal giirrerfor, 127 


— bow eitrooted, 146 ^^H 


(ttont, old aud present styles 


— n-'liaed, ^^H 


Ii;i26 


— refioing, IGO ^^^| 




by acid and soda, 160 ^^M 


wrmtf meeiianrCi'Lt agitation, 
03 


tion for, 50 


by sweating, 1C3 ^^M 


I (Chapter VH.), 203 


char used in, 165 ^^H 


oryof,49, 126 


char, when finit used for, lUfi ^^M 


HM dial illation, 248 


— snScale ^H 


imt of Qrst Bta;e oils, 133 


— Bemi-re6ne-1, 162 ^^M 


MODd KliHsc oils, 135 


— water in, ^^H 
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Wax, when first fleparated, 6 

— when first used u article of 

OQmmeroe|6 
Waxes, causes of diflTerenoes between, 
52 

— different characteristics of, 53 

— specific heat of^ 200 

— specific gravity of, 250 
Walkinsbaw Oil Co., Limited, 17, 26 
amalgamation of, with 

Hermand Oil Co., 19 
Water discharge from works, 210 
Waterford oil work, 14 
West Calder Oil Co., 9, 26 
Westfield Oil Co., Limited, 18, 26 
Westlothian Oil Co., Limited, 18, 26 
Whiten^ oil work, 26 



Yields, see Grade oil, hmuMoi aiJ 

Retorts 
Tonng and Beilhy^ retorts, n 
Retorts 

— Jas., Ufe of, 1 

Young, Meldrum and Benme, coo 
tract of copartnery bet«ee3 
5 

Young's cooling drum, 147 

— ( Jas.) retorts, 57, 58 

— Paraffin Light and Minoii 

Ca, Limited, 12, 26 

Amalgamation with Upbs 

Oil Co., 16, 19 
losses, 30 

— (Wm.) coke tower naphths app 

ratus, 107 
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Belting.— ^c// Driving. By George Haujdav, 

Whitwonh Scholiir. It'Wi /■lal/i, Svo, cloth, y. U, 



Dcsoibiinn of dIScreni Kindi af Bi-Iu— Pnauie Innntlticd br Bdn— LoxA -i M 
and CoBod Piillcyj-SlRlcliint of B>lD— V Pulle]r>~Am». at PuUcyv-MnhaU <i ISirf 
lUc Bell ilucuiKil— Rope Ccuiug— Tillies— Rulii ru AodlDg Ilic PJicb oTSps-ITb^h 

Blasting. — ^wit Blasting: a Practical Treatise on 

the means employed in Blasting Rocks for Ind-uslriil Pnnxxe^ Bj 
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Ctown Sto, dolh, 31. 

Chemists' Pocket Book. — A Pocket-Book Jar 

C/lemiils, C/imieal Manafa^lurtrs, MttallttrguU, Dyau Di^iiSm. 
Brtwiri, SHgiit Rtfinrrs, PkBtografkers, ShtJenls, «■<■„ tit, Bjr TiKWAS 
Bavlkv, Assoc. K.C. Sc. Ireland, Analytical and CoDsuliiiie Qtmia 
and Auayer. Fifth edition, 4St pp., royal jimo, toan, giltc^c^ jx 

ABuaic Weighu utd Fi 

An*lTK»^W«i»hl» and M 

Baribif Pobl 



W>|« Aulyut— Qualitative Analyw uid Rtuliaiu— Volumcuic Ac^yiu— Uuiiniliiiat- 
Hlncnlogy — Aiuv^ng — Alcohol — Bcei— Sueu — Mixcllaneotii Tcchoalopal bbb 
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enlarged, crown 8vo, clolh, 6*. 

Coppersmithing. —Art of CoppersmiJhittg i % 

Prattical Treatise on Wotking Sheet Copper into all Foraii, By JolW 
Fi.'LLER, Sen. Numtrous engravings, illuslraling almost every hnDchuf 
the Art. Koynl Svo, dolli, 13/. dd. 
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Drawing Instruments. — A Descriptive Treatise 

en Mathtmatical Drawing Jnitrumcnti: their Conslruction, uses, quali- 
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illuitratictu. Demy Svo, dolli, Cu. 

CONTENTS : 
I. Fioduniao at the Eleclrlc Cun 



Klcctro~Magnet."The Electro-Magnet and Electro- 

■ ma.^nttir Mechanism. By SlLVANlJS P. THOMPSON, D.St, F.R.S. 

■ Wilh 213 illuilraliens. Second edition, Svo, cloth, 15;. 



Electro-Motors. — Notes on design of Small Dy 

By Geo. HaLliday, Whitworlh Scholar, Professor of Engineer- 
ihc Hartley Institute, Southamptoo. Plata, Svo, doth, 2^. M. 



Electro-Motors. — The practical manageviettt of 

DynaKB) end Miliars. By Francis B. Crocker, Professor of Electrical 
Engineering, Columbia College, New York, and ScHUVl.ER S. WHEELER, 
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.ocks and Ores, and Ihe MeUiods by nhich the Gold is extracted. By 
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fVilk i/lujlrvtioiis, crown 8vo, cloth, 31. 

Hot Water.— //i?^ Wafer Apparatus: an Ele- 

nienlary Guide fo: the Fitting and Fixing of Boilers atuj Appmta Ibr 
the Circulation of Hot Witer for Heating und for Domctic Sopplf, ^ 
containing « Chnplei upon Boilers and Fittings for Sleam GtokiBK B* 
F. Di-E. 31 illMslratians, fc»p. Sto, clolh. It. td. 

Household Manual. — Sponi Househoid Mamui: 

R Treanity of Uomesiic Receipts and Guide for Home MuMjaMnL 

Dem; Svo, cloth, containing 975 pages and 130 il/ntfrati^'iti, price ;t. U. 

piiiNriFAL contents: 

Hlnu for ulecting agrwd HauH — Suniljilidit— Witci Supply— VmtUMHoaadWBBiit 

— Dghdog— Fuiiiiiui. iind Deco.uion— TMittM and Fict— Thi Lwdn-^Ouua taait^ 

leaglliindPrcMriraiion— Tht Dairy— Tte Cellcir— The Pjnlii— Thi ■"• ■■*— — WTTltr ** 

Dishes— The Hcnitcirifc'* Kuon— Roiuckapiiw, MictECIIns— Thi OMTitiSS^t^ 



liE 



■ Thi Waik-RaoDi- llw "' ~ 



. . b^inE-RcKuzi— The Redroeo^Ttie fi 
LauDilry— The School-Rootn "" 
GnHlEa— The Faimvud—SiDi 

House Hunting. — Practical Hints on Taking n 

House. By H. Percy Boulnois, Mem, lust CE., City EnnsRt, 
Liverpool, Author of ' The Municipal and Samtary Engineer'* Hud- 
book,' 'Dirty Dusl bins and Sloppy Stieels,' &c iSnii^ ciofh, l/,M 

Hydraulics. — Simple Hydraulic Formula. By 
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JttfrigrraliiHi, a. voHt of Reference for Eagineers nod oiSiera employed in 
the management of Ice and Rcfngeration Macbinery. By Iltvd L. 
Rkdwodd, Assoc. Mem.Am. Soc of M.E., Mem. Soc Chemical; Indus' 
Ijy. iVith 2^plal/s. Square temo, dolb, 4/. bd. 

Indicator. — Twenty Years with the Indicator. By 

Thomas Trav, Jun., C.E.. M.E., Member of the American Society^of 
Civil Engincen. With illuilraiiom, royal Svo, cloth, tor. 6d. 

Indicator. — A Treatise on the RicJmrds Steam- 

EHgitit Indicator and tkt DeetlBfrntiil and AppHcatioH 0/ Fora in thf 
SUam-Engim. By Charj.es T. Pouter. iVilh ittuttraliens.^Yow:^ 
edition, revised and enlarged, Svo, dolh, 91. 

Induction Coils. — Induction Coils and Coil 

Making ■■ a Treatise on the Construclion and Working of Shock, Medical 
and Spark Coils. By Y. C. ALI.SOP. iVilh liS illiutroNnns, crown Svo, 
dolh, jr. 6d. 

Iron. — The Mechanical and other Properties of Iron 

and Sletl in lonnntign ivilh tkeir ChrmUal Comfesitisn. By A. VOSMABK, 
Engineer. Crown Svo, cloth, 6j. 



B._ . , The Bwtallursiul behaviour of Carbun oiih Iron and Steel, alu Mi 
■flnianlionu — Sulphui^-Copper— diromiuni— TiteaJuin— Tuntiien— Al 
■ CoUl— AiKDic— Aaalyiei of Iron and Steel, &c 
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Iron Manufacture. — Roll-Turning /<»■ Su^ataw 

Sirtl and hull, wocking dntwings foe R.iila, Sleepcn, Gudoi, Btlii, 
Ties. Angle*, ^c, eiso Bloomiog aiid Cogging for riatet ud TBt^ 



of cearlj' every c!a»s of work ill this \a&-a£Vrj. 

Locomotive. — Tlie Conslr-uction of the Modtn 

J^omali-jt. Bf Gborge Hughes, Assistiuit in the Chkf Ufdnbl 
Engineer's Department, Lancashire and Vwkshifc Rulmr. K\ 
mgraiings, 8vo, doili, g*. 

CONTENTS: 

The Boiler-The Faundrr— tbe Uk af Bled Ca-Iingi— Bnn Fa<:idn— TV Av- 
Snuthr. riicluilia£ Springs— CoftpenmUtu* Woik — Tlie MachLhc Shoi^-&c<tk|. 

Lime and Cement. — A Manual of Linn and 

Crniml, ihcir treatment ud nse in construction. By A- H. Hun. 

Crown Svo, cloib, 6j 

Liquid Fuel. — Liquid Fuel for Meekanicd mi 

Induitrial Piirpotts. Compiled by £. A. Bkavlkv HoixlEm '" * 

-.uood engravingj. 8vo, elotli, 5/. 

Machinery Repairs. — Tlu Repair and Maintah 

anet of Uaehiatry : a Huidboak of Pmcticxl Notes and Menui«^l> 
Engineeis tuid Madiincry Users. By T. W. ISakbes, C.E, UX, 
Author of ' The Engineers' Sketch Book.' WHA afietit ^00 .'" 
Svo, cloth, 101. Cut. 



' Slsim Goilsi— Prime Mann-Wind Moan >ad Ax Engisei— Wtm KM 
Tniumiuioii of Pmer— MoiiliBS UiehlDCfy— Tniupart— Machbe iid Hwl Ta 
Wood Maclliu cry— Pipe Wgrk—Freua—Priuing— Repairing Sbopi Uil T li I — < 

Magneto Hand Telephone. — TAe Mapt^ 

Hand Tdtphoni. Its constniclion, fitting-up, and adaptibijily to WMJ- 
day use. By NoRMAN HtlGtlES. Cuit, umo, cloth, 3/. 61/. 

Mechanical Engineering. — Handbook for Mt- 

cManical Enginters. Bv Henry Adams, Professor of Enginnrifig it 
the City of Loiiiton CbllcEe. Mem. Inst. C.E., Mtm. Init. U.E. Ac 
Second edition, revised and enlnrfieJ. Crown Svo, doth, 61. 

COKTENTS : 
Fundameiilal Pcindpio of Hechanio— VnTiedei and PropeitiBof Matsialr-^n^ 

of M>ierl>li and Suuctuni—Paileni Making— MouldioE and PouDding-raEmC. «<<<« 
and Ritciing— Woikihop Tools and GenersfMachiniry— TraBHaimioo of tZua, --'- 
and Lubrlcntion— ThertDodimaiiiici and Stum— Steam Boilen — Die Slcam Itefi 
dnidic Machinery— Cleciricnl Engineennt— Sundry Nous and Tablo. 
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(lechanical Engineering. — The Mechanician: 

■ Treatise on the Construction and Manipnlalion of Tools, for the use and 
initniclion of Voung Engineers and Scientilic Amateurs, comprising the 
Arts of Blacksmitliing and Forging ; the Construction and Manufacture 
of Hand Tools, and the various Methods of Using and Grinding them ; 
description of Hand and Machine Processes ; Turning and Screw Cutting. 
Bjr Cameron Knight, Engineer. Conlaining 1147 iUuiiraliom, and 
397 pages of lelter-press. Fourth edition, 4)0, cloth, l&i. 

Mechanical Movements. — The Engineers SkeUh- 

Book of Mahaaiial Movtmmts, Dtvieei, Appliances, Cenlrivanas, Details 
employid in Iht Design and Construction of Machinery for every purpose. 
Collected fram numetons Sources and from Actual Work. Classified and 
Arranged for Reference. Nrarly iooa Jllaslratians. By T. W. BARBER, 
Engineer. Second edition, Svo, cloth, ^s. 6d, 

Metal Plate V^ oA.— Metal Plate Work: its 

Patterns and their Gramelry. Also Notes on Metals and Rules in Men- 
suiatioQ for the use of Tin, Iron, and Zinc PI ate- workers, Coppersmiths, 
Boiler-makets and Plumbers. By C. T. Millis, M.I.M.E, Second 
edition, considerably enlarged. IVitA numerous , illiislrations. Ctoirn 
Svo, cloth, 1)1. 

Ictrical TaWes.— Metrical TaUei. By Sir G. L. 

MOLEswoBTH, M.I.C.E. 3imo, cloth, 11. td. 

[ill-Gearing. — A Practical Treatise on Mill- Gear- 
ing, Wheels. Shafts, Riggers, etc. ; for the use of Engineers. By THOMAS 
Box. Third edition, an'M H plates. Crown Svo, cloth, Js. 6d. 

[ill -Gearing. — The Practical Millwright and 

Engineer's Feady Reckoner; orTables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, diameter and 
strength of bolls, etc By Thomas Dixon. Fourth edition, ismo, 
doth, y. 

Miners' Pocket-Book. — Miners Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists, 

Millmen, Assayers, Metallurgists, and Metal Merchants all over the 

By C. G. War.nford Lock, auiior of ■ Practical Gold Mining,' 



C and Orc-Dressing Machinery,' Sc Second edition, fcap. Svo, 
It edges, \2s.f,d. contents: 



Hatiro PavFi — Dainl and Ruervolri — TranstnilCiDg Pouro — Weighll and Mtuiin 
Praspcclins — BoriaK — DcllUag— BJudnE— Ejip]»ivei — ShaA Sinklne— Pumpiat— Vc 
latiog— LightiaE— Cnl CulIinE— Haulinc and Holiting— Wuer Soflening— Sump Bxtle 
— tjushing RQlIv—Iprdan'i Cmlrifugal Process— Ri«!r Mining— Ore Dre«ini(— GnM, SU 
Capper SniEJCing— Trealmcnt of Orei — Coal Cleaning— Mine Sutn^g— Britiih TLarH 
GcDlofical Map>— Mineral Veju— Miaini Melhodt— Coal Seaiui— MiiwtaU— Fred 
Stonei— Metali and Meullle Orel— Melafflferoiu Mioeralt— Aisa/iDB— GlojMry— Uji 
UkTuI Bovks-lndea. la.. &c, &c. 
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Mining and Ore-Dressing Machinery.— Bf 

C. G. WAkSfuit) Lj-jcs^ Autbotof ' i'lactiol Ciold Mining.' .^Hpaa 
iJJMtlratitMu, mprfiojil ^^a, diMh, 351. 

Mining. — Etonomic Miuing; a Practical HmhI- 

bxik for Ibe Miner. Iht MetaUargisi, and the Merthanc. B^CC 
\Va»>joro Lock. Mem. InsL of Mimng and McUllargif, KiAm<i 
'I'lacbcd GoU Mining.' Wilk iiluilriitiem, Svo, duth, lit. 

Municipal Engineering. — The Muniapd ml 

StaoUry En^fua'- /fanifUvt. By H. PBRCr BoiTLXoii, Mem. tmL 
C.E., Borooeh Engineer, PoTtsmoBtb. IfltA kmhutwi ilhntttim. 
Second edition, demy Svo, clolli, 1^1. 




lod Dotia of (be Town Suivcroi^TmEc— MauiUmiacd S<a<a|^ 

1 Mcoi wd Brokinc— PUclml Puienmi— AipbrnlK— Wi»d fwrm^ 

GlLUcr^-Smei Naminc and N'lunbcriog — Slr«c( LL£hUE]4— SrvD. 
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Paints. — Pigments, Paint and Painting. A 

Practica] Book for Praciica! Men. By Geokge Thrv. MM At 
~ cloili, 7*. bJ. 

Paper Manufacture. — A Text-Book of Po^ 

MaiiHs- By C. F. CftOss and E, J. Bevan. Utii /n.fwiart, oan 
Svo. eloth. ixi.bj. 

Perfumery. — Perfumes and their Prepara&m, 

containing complete direclioni for making Ilanttketchjef PttliDK^ 
Smelling Salts, Sachets, Fumigstii^ Pastils, PrepanLliutu (or [he atelt 
the Skin, the Mouth, ihe Hair, and other Toilet ariictcs, with a ds^ 
de^riptioD of aromatic substance*, theli nature, tests of puritT, OJ 
wholesale manufacture. By G. W. A5KINM>n, Dr. Cbem. Hul ]* 
cngrin-in^, Svo, cloth, llr. td. 

Perspective. — Perspective, Explained and lUns- 

traied. By C. 5. CLARKE, Capt. R.E. WUh iUmtrattom, 8vo, doA. 

Phonograph. — TJie Phomsgraph, and How ta Cdl 
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popular Engineering. ~ Popular Engineering, 

imitg imUreitirig and inttruclivt txampla in Civil, Mtehauical, EUctrical, 
Citmical, Mimng, Military and Naval Enginaring, gia^jlically and 
plainljr described, and specially wrilten for those about to enter the 
£t^{nMrin^ ProlesEioD tmd the Scientific Amaleui', with chapters on 
Perpetual Molion and Engineering Schools ami Colleges. Bf F. Dye. 
Wiik 700 iiluiiralium, crown 410, cloth, "js. td. 

Plumbing. — Plumhing, Drainage, Water Supply 

and Hill tValtr Filling. By John' SmeatoH, C.K, M.S.A., K.P^ 
Eicamiiier to ihe Worshliiful Plumbers' Compinjr. Numa-SHi CHgraoingi, 
8vo, elolh, ^i. 6J. 

Pumping Engines. — Practical Handbook on 

Dirtct-acling Paniping Engini and Sttam Pump ConslriuliOH. By 
Philip R, BjUbling, IVUt ao plaUi, crown Svo, doth, 51. 

Pumps. — A Practical Handbook on Pump Con- 

slruclion. By Philip R. Bjorling. Plata, crown Svo, cloth, 5/, 
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<lsusti at Pumps— Re markt on dciigning Pump . _ 

difloral kiadi of Liquids— Duciiplioa ofvuioiii clu»u of Puin]rvaJve! 
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Pumps. — Pump Details. With 278 illustrations. 

By Philip R. Bjorling, aulhor of a PracUcal Handbooli on Pump 
Construction, down Svo, cloth, "js. 6d, 

CONTENTS : 
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■Dueclhniw Uft and Well Pumpj -Tonkin's PaWnl "CoTnith" Sleiuo Pump— Thimio> 
•vOl and Wirhau's Suud Pump— Whet Valves— Water Melets — CEDtiUimal Pumplac 
MachiDer^^Airy and Anderson's Spiral Pumps— Blowins Eogfnec — Air Cooipnaui^ 
HsiilonUll High-prissure Engines— Horiionlal Compound_Eng' - ■ - - - 



1 fialaacc-beanu, Rock-anos, and Faad*ofl^ Bcoma. ClitemA, and Tank* 

Pumps. — Pumps and Pumping Machinery. By 

F. CoLYEK, Mem. Inst. C.E., Mem. Inst. M.£. Part I., second edidon, 
revised ind enlarged, viilh tfl platis, Svo, dolh, I/. %s. 
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Pumps. — Pumps, Historically, TheoreHtally. 

Praclkally Contidered. By P. R. BjoKLlMo. WiUk i;6 ~ " 

Crown 8vo, doih, 71. W. 

Quantities. — A Complete Set of Contriut DoittmaOi 

for a Country Ladgt, comprisiiiE Diawines, Spcciticalions, Oiieaaca 
(ror quimlilics}, Abstiscts, Bill of Quaulities, Form of Tender ittl to- 
liacl, wilh Notes by I. LEANING, prinlcd in tacanule of llie m^giA 
documents, on single ^eeti fcap., io linen case, ji. 

Quantity Surveying.— (J/ma/Z/y Surveyiitg. By 

J. Leaning. With 41 illostretions. Second ctUiioc, reiiscd, onnM 

cloth, 9J. 
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Variiliooi beTdre Acttpunce ol Ttadci. cT EiCim^itiiig. 
EiTUn ID a BuUdo'i EitimalE. 

Railway Curves. — Tables for Setting out Carvn 

fir Railways, Canals, Raadt, etc., varjing from a radita of ftw date 
to three miles. By A. Kennedv and R. W. HaCKWOOO. /AuMK 
3imo, doth, %s. dd. 

Roads. — The Maintenance of Macadamised Heads. 

By T. CoLiRiKCTOJj, M.I.C.E.. F.G.S., General Snpcrinlendert a 
Coiintj Roads for South Wales. Second editJoo, 8vo, cloth, 7/. 6J. , 

Scamping Tricks.— Scamping Tricks and Odd 

Knimledgc accaiioHally prat Used upon Public Works, chronickd bom Ik 
confeisions of some old Practitioners. B7 Jt-HS NswuAN, Assoc M. 
Iiut. C.E., author of ' Earthwork Slips and Subsidences opoa Pshb 
Works,' ■ Notes on Coacrete,' &c Crown Svo, cloth, zs. 61/. 

Screw Cutting. — Turners Handbook on Screto 

Culliar, Ccning, tic, etc., wilh Tables, Examples, Giiuecs, lad 
FormJEE, By Walter Pkice. Fcap. 8to, doth, 1/. 



Screw Cutting. — Screw Cutting Tables /or En- 

gintcT! and Afarhimili, giving the values of the different trains af Wheel* 
required to produce Screwi of vay pilch, calculated by Lord Lindsay. 
Oblone, cIoUi, 21. 

Screw Cutting. — Screw Cutting Tables, for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for catling the Threadi of Seiews of aay required pitch, with a Table for 
making the Univerul Gu-pipe Threads uid Taps, fijr W. A. MaktiN. 
Engineer. Second edition, oblong, cloth, \s. 

Slide Valve.— /4 Treatise on a Practical Method 

of Designing Slide- Vahit Ceart by Simple Geometrical CenitrueHoti, based 
upon (he principles enunciated in Euclid's Elements, and comprising (he 
virious forms ol Plain Slide- V«l»c aod Eipinsion Gearing ; together with 
Stepbensoo's, Gooch's, and Allan's Link 'Motions, as applied either to 
reversing or to variable expansion combinations. By EDWARD J. COW- 
LING Welch, Mem. Inst. M.E. Crowu 8vo, cloth, 6j. 

Soap. — A Treatise on the Manufacture of Soap and 

Candlei, Lnbricnnls and Glycerine. By W. Lant Carpentek. B.A., 
B.Sc. fVith tiiiuCtaliani, new edition, revised, ccown 8vo, lu. dd. 

Stair Building. — Practical Stair Building and 

Nandrailins; ly Iht Square Seeltan and Fallins Line Syitea. By W. H. 
I Wood. Folding ftales. post 410, doth, icu. dd. 

Steam Boilers. — Steam Boilers, their Manage- 
ment and fVorking on land and lea. By jAMES rEATTIB. iVith 
iliuitratiom, cioun Svo, cloth, 5;. 

Steam Engine. — A Practical Treatise on the 

Steam Engine, containing Plans and Arrangements of Details for Fixed 
Steam Engines, with Essays on the Principles involved in Design and 
Construction. By Arthuk Rigc, Engineer, Member of the Society of 
Engineers and of the Royal lostitulion of Great Britain, Demy 4to, 
cofiimtfy ilbittrated teith woadeHls and loj plalet, in one Volume. 
Second edition, cloth, 151. 
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Steam Engine. — Tke Steant Engine eonsidtrtdts 

a Thfrnicdynamic Mcrhinr, a treatise on rhe Tfaeimodyiulmc iSxuXf 
(A Steam Engines, illustrated by Tables, Diagrams, kad E^undaftixi 
Practice. B>- J*s. H. Coitekill. M.A., F-R^S., Prolcnx ofAnieil 

Steam Engine. — Sieam Engine AfanagemaU ; a 

Trcaiisp on th<; Woilcing and ManagemcDt of Steam Bnlcn. Bt f. 
CoLViR, M. lost C.E., Mem. Inst. M-E. New cditioD, iSno, Aa. 

31. tJ. 

Steam Engine. — A Treatise on Afodem Sltam 

Engines and JSnilrrs. including Land, LocomotiTe and Mariae EnEiBe 
and Bailers, for the use of Sludmts, By Fiti-DERtcK CoLvn, M.Iaft 
C.E., Mem. InsL M.E. IVitk 36 flaUt. 410, cloth, ixj. 6J. 

I. tntioduciion— t. Original Enciacs— ji Ddlcre— 4. Hiih-Preunre Be«n riiiim 1 
ComiJ. Bum Engmci— 6. Kohionlal Ei.(ines-7. OMaiating Engbt.— S. Venial IUtt 



Sugar.— j4 Handbook for Planters and Rejineri; 

being a comprebcnsive Treatise on the Culture of Sugar-yielding PlnB, 
3.nd OQ (he Manufacture, Kefining, ftnd Analysis of Cuie, Palm, Mrak, 
Melon, Beet, Sorghum, Milk, and Starch Sogars ; with eopfont 
Stblistics of their Producliun and Commerce, and a chapter oa ttt 
Distillation of Rum. By C. G. WAiwroRD Lock, F.I_a. tci 
U. E. R. Newiands, F.C.S., F.I.C, Mem. Coandl Sot Cbesnoi 
fodustry; and J. A. R. Newlands, F.C.S.. F.LC. V/vvJ, ,ftn 
illialraliiiHt and many plaitt, 8vo, cloth, 1/. im. 

Surveying. — A Prcutical Treatise on the Scitnu-^ 

Land and Engineering Surveying, Leuelling, Eitimatitg Quamtilm,0ln 
with a general description of the several Instninients lequirtd ftw SW' 
TCying, Levelling, Plotting, etc By H. S. Mbrbett. Fourth cdldtM, 
revised by G. W. Usill, Assoc Mem. Inst. C.E. 41 plata, mtk Mu- 
tralmni and Itttki, loynl Svo, cloth, IM. 6d. 

Surveying and Levelling. — Surveying and 

Levelling Insimmmti IkiBrtlUally and fraitiiatty dtierAtd, for coMtraC 
tion, qualities, selection, prcservalion, adjustments, luid oscs, »ridl olhM 
apparaius and nppliaoces used by Civil Engineets and Surveyoa. Bj 
W. F. Stanley. Second edition. 350 luU, crown Svo, cloth, 7*. 6JL 



Tables of Logarithms. — A B C Five-Figure 

Legaritkati fer general uit. By C. J, WooDWAKD, B.Sc. ConlaJninc 
Maniisstc of Dumbers to lo.ooo. Log. Sioea, Tangents, Coiangents, uid 
Cosines to lo" of Arc. Togellier wilb lull explanittioas and simple 
s showing use of llie Lil'les. 4^. 



Tables of Squares. — Barlow's Tables of Squares, 

Cutet. Sguan Roots, Cuht Roots, Raiprotib if all Inligtr Numhtrs up to 
10,000. Post Svo, dolh, is. 

Telephones. — Telephones, their Construction ana 

Fitting. By F. C. Allsop. Second edition, revised and enlarged, IVitk 
ZIO iUiiilrations. Crown Svo, cloth, Sj. 

Tobacco Cultivation. — Tobacco Growing, Curing, 

and Jifanu/ncturing ; a Handbook for Pl.inlers in all parts of the world. 
^'■- ' ^ " '■ --) Lock, F.L.S, iVith illuslratiBni. Crown 



Tropical Agriculture.— 7Vo/?W Agriculture: a 

Treatise on the Culture, Prcnnration, Commerce and Consnmplion of the 
principal Products of the VeEelable Xingdom. By P. L. SlMMONDS, 
F.L.S., F.R,C.I. New edition, revised and enlarged, Svo, dolh, aw. 

I Turning. — The Practice of Hand Turnlngin Wood, 

Ivory, Shell, ttc, with Inslmctions for Tumiog such Work in Metal as 
may be required in the Practice of Taming in Wood, Ivory, etc. ; alsi' 
an Appendii on Ornamental Turning. (A book for beginners.) By 
Francis CAMriN. Third edition, viitk vjond tngravings, crown Svo, 
cloth, 31. 61/. 

I Valve Gears. — Treatise on Valve-Gears, with 

spedal consideralion of the Link-Motions of Locomotive Eogines. Ey 
Dr. GusTAV Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polyteclinikum o( Zurich. Tianslnled (torn the Fourth German 
Edition, by Professor J. F. Klkik, Lehigh University, Bethlehem, Va. 
liluslraied, Svo, doth, lis. 6d. 

IVarnish . — The practical Polish and Varnish-Maker ; 

a Treatise containing 750 practical Receipts and Formnlce for the Minu- 
(actnie of Polishes, Lacquers, Vimishes, and Japans of all kimils, for 
worken in Wood and Metal, and directions for using same. By K, C. 
Standarb (Practical Cbemist), author of 'The Artist's Manunl '..f 
Figments.' Crown Svo, dolh, bt. 




Ventilation. — Health andCom/ort in HouscBiM' 

ing; or, Ventilition with Warm Air hj Self^ictiiig Soctioo Pgas, 
With Review of tbe Mode of CalciJatiDB the Dreaght in Hot-wR^ 
uid with some Actual Experiments by J. DkYSDAUt, M.D-, uA J. W. 
Havward. M.D. lyitk plaits and woodetUt. Third editian, with tmt 
New Secltons, and ihe whole carefully revised, 8ro, cloth, jj. &£ 

Warming and Ventilating. — A Prtufual 

Trtatise upon IVarming Buildingi by Hot Wairr, and upon HeM ml 
Heating Appliances in £enenJ ; with an inquiry respecting Veatilili™, 
the cause and action of Draughts in Chimneys and Fines, and the lun 
teliiiing to Combustion. By Charles Hood, F.R.S., F.R-A.s!, kc 

Re-wrillen by FkeMKCCK DVK. Svo, cloth, IJr. 

Watchwork. — Treatise on Watckwork, Past and 

Prianl. By the Rev. H. I_ Nelthropp, M.A,, F.S.A. »M 31 
illustralions, crown Svo, dolh, 6j. 61^. 



olion Work— Lmgth nfTimc of Gobit <riihD« W 

- -..- - — --he Duplc»-Tht Lever-Th. Clin.nQm«a— Rtt™- 

Vllchs-KcrLcH WjUcha-Th* Pendulum, oi %^nX Sl>riDc— OHnimuIiaii- tf^^ai} 

.'Ivol HoIb— Cliriienwcll— FilJju:in of Ibc Tnde— InapuitT of tVorkmcn— Etow IsCtaM 

iwl Uk > Waufa, etc. 

Waterworks. — The Principles of WaUrworhs 

En^nc/riiig. By J, 11. TUDSBFRV TORKER, B.Sc, Himler Mcd^HM 
of Glasgow University, M. InsL C.E., and A. W. BucKTMoRE, M.St, 
Assoc. M. Inst. C.E. tVilk iHuilrations, medium Svo, dolh, 251, 

Well Sinking. — Well Sinking. The modern prac- 
tice of Sinking and Boring Wells, with geological conaderations and 
examples of Wells. By Ernest Spon, Assoc Mem. InsL C.t 
Second edition, revised and cnla^'cd. Crown Svo, doth, Itw. ti. 

Wiring. — Incandescent Wiring Hand-Book. By 

F. B. Badt. Inle 1st LieuL Royal Pnissian Artillery. IVUi 41 iUmitn- 
tiont and 5 tabUi. iSmo, cloth, 41. W. 

Wood-working Factories. — On t/u Arrange- 
ment, Care, and Operation ef IVood-ieetiaiig Factaria and Maiksiury, 
forming a complete Operator's Handbook. By J. Richard, "--■-—:—■ 
Engineer. Second edition, revised, wmdailt, crown Svo, dc 
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Adhesion '.'. '.'. 

A^eultunl Engines 
Aii^Ch amber 
Air-Pump .. 
"gebmc Signs .. 




Motion . . 

n^leof Fnction., 
Utiinal Cbarcoal Klachini 
^Lntimony, 4; Anvil 
Aqueduct, 4 ; Acch 
" chimedean Screw 
ining Preaa 

rAltcHai^ Well 



Bank Note Machinery ,, 
Bam Machinery ,. 
B«ker-iMill 
Suometer, 8 ; Barracks ., 



Barrage .. 


. 3 and 9 


Battery .. 


. 9 and 10 


Bell and BelLhanging 




Belts and Belling.. 


. loa^'d tl 


lilast Furnace 


! II aid 12 


Blowing Machine 




Body Plan.. 


. iz and 13 


Boilers .. 


■ 13. "4. 15 


Bond 


. .5 and iS 


Bone Mill.. 


.. 16 


Bool -making Machinery 


.. 16 


Boring and Blasting 


. 16 to 19 


Brake 


. 19 and 3o 


Bread Machine ., 




Brewing ApparaluK 


. 30 and 31 


Brick.making Machines 




Bridges 


. aitoaS 


Buffer 


.. 38 


Cables 


. 18 and 39 


Cam, 39 ; Canal . , 


.. 2<i 


CandlCE, .. 


. 39 end 30 


Cement, 30; Chimney 


.. w 


Coal Culling and Wuhing Ma- 


chinery „ 


• - 31 


Coast Defence 


31, 33 


Compass 


.. 31 




, 33 and 33 


Cooler, 34 ; Copper 


•■ 34 


Cork-«»iJDK Machine 


. .. » 



^^Bd 
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Nm. 


M. 


Corrosion 


34«id35 




ColtOQ M«dui>er7 


.. 35 


Ke<Js ^ CmI Shipm» 6Salt| 
Kiln, 69 ; Knitting JiKbiat ~ H 


Dunnung 

DetuIsoTEDeiaes 


35 'o 37 


37.38 


Kyanising - <» 


DUplftMment 


.. 38 


Lamp, Safely .. .. *9.?> 


DistiUine Appimlus 
Diving and Diving Belli 


38 and 39 


Lead r> 


.. 39 


Lids, Hoists .. 70.1" 


Doc^J ., .. 


39 and 40 


Lights. Buoys, Beacons .. 71 ni^I 


Drainage 


40 and 41 


Limes, Manan. and Cennli .. It 


Drawbridge 


■ • 41 


Locl:s and Lock Gatei .. nn 


Dredging Machine 


.. 41 


IxKomotive .. .. •. 3} 


EleclTO-Metftllurgjr 


41 to 43 


Machine Tools .. .. Q.H 


43.44 


Manganese .. .. ■> V 


Engines, Varielies 


44. 45 


Manne Engine .. .. MulH 
Materials oT Comslnjctioo JS«»a)' 


Engines, Agricultural 




Enline*. Marine .. . 


74. IS 


Measuring ajid Folding .. .. 1* 


Engines, Screw .. 


S9. <» 




Engines, Slationaiy 


91.93 


Mercury, 77 ; Mefalluigy - 77 
Meter TJ,* 


Escapement 


. 4S. 46 


Fmi 

File-cutting Machine 


.. 46 


Metric System jl 


.. i6 


MiUs J^S 


Fite-aims ., 


46,47 


Molecule, 79 ; Oblique Aldl .. H 
Ores, 79, 80 i Ovens ., ■■ » 


Flax Machinery .. 
FliMt WUer-wheeli 


47. 4S 


.. 48 


Oer-shol Wwer-whecl .. fell 


Forging .. 


.. 48 


Paper MadiiaerT ,. .. _ fl 


Founding and Casling . 


48 to so 


Permanent Way „ .. BLh 
Pil<^ and Kle.dri»iiig .. SlWft 

Pipe* .. r* .. tsA 


Friction, 50 ; Friction, Angle of 3 


Fuel, so; Furnace 


SO. S' 


Fuie, SI i Gas .. 


.. SI 




Gearing •• 


5'. 5* 


Pumps Sindt 


Gearing Belt 


:o, 11 




Geodesy .. 


$3 snd 53 


Glass Machinery .. 
Gold, 53, 54 ; Governor 


■ ■ 53 


Retaining Walls K 

Rivers, S&, 87; Bi»ctedJ«iiI .. *! 


.. 54 


Gravity, 54 i Grindstone ., 34 


Roads S7.B 

Roofs U,ii 


Gunnery 


S4 to 5<> 


Rope-making Machinery .. 89 


Gunpowder 


.. 56 


Scaffolding t( 


Gun Machinery .. 


S6.S7 
57. 58 


Screw Engines .. .. S»9> 


Hand Tools 


Signals, 90; Silver .. 9O191 


Hanger, 58 ; Harbour , 


.. S8 




Haulage, 58, 59 j Hingin 


e ■■ S9 


Hydraulics and Hydrau 


c Ma- 


Steel, 91; Sugar MiU .. 9I,M 
Surveying and Snrrefing Instn- 




ss to 63 


Ice-making Mochinc 


.. 63 


"ents 93.W 


ndia-rubbcr 


.. 63 


Telegraphy .. „ 94.9$ 


ndlcalor 


63 and 64 


Tesiing. 95 : Turbine .. .. fS 


njoclor 


.. 64 


Ventilation .. 9S.A»f 
Waterworks „ .. jS 




641067 


Iron Ship BuUding '. 


. 67 


Wood-working Machinerr A 




67 and 68 
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Editkd by ERNEST SPON, Memb. Soc Enginkkes. 


Abacas, Counters, Speed 


Coal Mining. 


Lighthouses, Buoys, and 




Coal Cutting Machine*. 


Beacons. 


Rule, 


Coke Ovens. Copper. 


Machine Tools. 


Agticnllural ImpIemeciLs 


Doclt*. Drainage, 


Materials of Construc- 


and Machmery. 


Dredging Machinery. 


tion. 


iUr Compressors. 


Dynamo ■ Electric and 


Meiers. 


Animal Chaxcaal Ma- 


Magneto-Electric Ma- 


Ores, Machinery and 


chineTT. 


chines. 


Processes employed to 


AiitimOD7. 




Dress. 


I^AjdM and Axle-boxea. 


Electrical Engineering, 


Piers. 




Telegraphy, Electric 


Pile Driving. 


,»eltt and Belting. 


Lighting and its prac- 


PneumAtic Transmis* 


WMting. BoUer^ 


tical detaiLsTelephones 


aion. 


(Brakes. 


Engines, Varieties oL 


Pumps. 


Bock Machinerr. 


Explosives. Fans. 


Pyromeleii. 


Bridge.. 


Foimding, Moulding and 


Road Locomotives. 


.Cagei for Mines. 


the practical work ol 


Rock Drills. 


Caleulu, DifTerential and 


the Foundry. 


Rolling Slock. 


fe^r 




Sanitary Engineering, 


Hammer^ Steam and 


Shafting. 


te«p«tr,. 


other Power. 


SteeL 


Cut Iron. 


Heat. Horsepower. 


Steam Navvy. 


Cement, Concrete, 


Hydraulics. 


Stone Machinery. 


Liroe^ and Mortar. 


Hydro- geology. 


Tramways. 


Chimney Shafts, 


Indicators. Iron. 


WeU Sinking. 


Coal CleansinE and 


Lifts, Hoists, and Eleva- 




.. Waahing. 


tori. 
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In demy 410, handsomely bound in cloth, Ulustrattd wtiA QSOfi^ftflfitt, 
Phce tSr. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 



Bv WILLIAM FULLERTON, Architect. 

of Foimcr and Pnteot Timtt. 

The Delailt atui Dtfigni art Drawn Is Sca!f, J", }", i", uW fvBm 

Mug chujiy uad. 

The Plates are arranged in Two Parts. The First Part cantaim 
Details of Work in the four principal Building materials, the foUowiiE 
being a few of the subjects in this Part : — Various forms of Doon »Dii 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Chuttli 
Fittings, Constructive and Omamenia) Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the r^ialations of the 
London County Council, Board Schools, The Second Part 
of Drawings of Plans and Elevations of Buildings, arranged undct the 
following heads ; — Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, SchooU, 
Churches and Chapels, Public Buildings, Hotels and Taverns, 
Buildings of a general character. 

All the Plates arc accompanied with particulars of the Woilc, ' 
Explanatory Notes and Dimensions of the various parts. 
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SPONS' ENCYCLOPAEDIA 


INDUSTRIAL ARTS. MANUFACTURES, and COHHERCUL 


PRODUCTS. 


Edited by C. G, WARNFORD LOCK, F.LS. 


Among the more imporlaat of the subjects treated ol, k% ibe 


following :— 


Adds, 307 pp. 110%. 
AUoliol, 33 pp. 16 figi. 


Fur, S pp. 


Photograpbr. «J ??■ * 


Gas, Coal, 8 pp. 


6g.. 


Alcoholic Li qoors, 13 pp. 
Alkalie., 89 pp. 78 figs. 


Gems. 


Pigmcnti, 9pp,6l!p. 


Glass, 4S pp. 77 Bgi. 


Pottery. 46 pp. JJ 6*1 


Allow. Alum. 
Asphalt. Asuyine. 
Beverages, Bgpp.asfiEB. 


Graphite, 7 pp. 


Piinlmg and EafnrJt 


Hair, 7 pp. 

Hair Mi.Wtnres. 


20pp.8fifiS. 

R»ev 


Blacks. 


Hats, 26 pp. a6fig». 


ResiDoiu amj CnnoT 


BleiLching Powder, 1 5 pp. 


Honey. Hops. 


Sub«tiW)e^K(T-'* 


Bleaching, SI pp. 48 figs- 
Candles, 18 pp. 9 figs. 
Carbon Bisufphidc. 


Horn. 


iie«- 


Ice. 10 pp. 14 figs. 


Rope,i6pp. IjSp. 


Iniliarubber Manufac- 


Sali,2iPP.»3fip 
S>lk,8ppu 


Celluloid, g pp. 
Cements. Claj. 


tures, a3 pp. ij figK. 


Ink, 17 pp. 




CoaJ-tar Products, 44 pp. 


Ivory. 


lifig*- 


14 fig*. 




SkiiifcSpp. 
Small Want, 4 » 
Soap ud GlySA; S 


, Cocoa, 8 pp. 


pp., 11 figs. 


; Coffee, 3* PP- '3 fifi"- 
Cork, 8 pp. 17 figs. 
Cotton Manufsctures, 6a 


Knitted Fabrics — 


Hosiery, ispp.ijfigs. 
Lace, 13 pp. 9 figs. 
Leather, a8 pp. 31 figs. 


PP.4Sfig»- 


Spices, 16 pp. 


pp. S7 fig!. 


Sponge. 5 pp. 
StaniE, 9 pp. 10 Sp. 


Drags, 38 pp. 


Linen Manulaclures, 16 


Dyeing and Calico 


pp. 6 figs- 


Si.ear. IJS pp. <« 


Printing, aS pp. 9 figs. 


Manures, 31 pp. 30 figs. 


Dyestuffs, 16 pp. 


Mnlches. 17 pp. jS figs. 


Sul^tir. ^^J 


; Electro-Metallurgy, 13 


MordJUila, 13 pp. 


Tannin, iS ppb^^^H 


ExploM»es,aa pp. 33 figs- 


Narcotics. 47 pp. 


Tea. 13 pp. -^^I 


Nuts, 10 pp. 

Oils and Fatty Sub- 


Timber, 13 pifl^^H 


Feathers. 


Varnish, 15 pp^^ 


Fibrous Substances, 92 


stances, us pp. 


Vinegar; 5 pT 


pp. 79 figs. 


Paint. 


Waa, 5 pp. 


Floor-cloth, 16 pp. ai 


Paper, S6 pp. 33 figs. 
Paraffin, 8 pp. 6 figs. 
Pear] and Coral, S pp. 


Wool. 1 pp. 


figs. 




Food Preservation, 8 pp. 


S8 p^ 39 figs. 


Fruit, 8 p^ 


Pctfumes, 10 pp. 
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WORKSHOP RECEIPTS. 


FIRST SERIES. 


SvNOPSis OF Contents. 


Bookblndinc- 


Freeiing. 


Paper. 


Brtnucs and Bromioe. 


Fulmioatei. 


Paper Hanging. 


Cindles. 


Fumitllre Creams, Oils, 


Pnintingin Oils, ill Water 


Cemeat 


Polishes, Lacquers, 


Colours, ai weU u 


Cleaning. 


and Paslm. 


Freico, fioo5C, Trans* 


Colourwishicg. 


Gilding. 

Glass Catting, Cleaning, 


parcncy. Sign, ud 


Concretes. 


Carriage Painting. 


Dipping AcidJ. 


Frosting, Drilling, 


Photography. 


Dnwiag Office Delailt 


DarlEemng, Bending, 


Plastering. 


Plying Oils. 


Staining, and Paint- 


Polishes. 


ElectTD • MctallutE)' — 


Gl'^Making. 


Pottery— (Clays, Bodiei, 
Glaies, Colours, Oils, 


(Cleaning, Dipping, 


Glues. 


Stains, Fliues, Em- 


Scralcb-brashing, Bil- 


Gold. 


meU, and Lustre.). 


teiiw. Baths, and 
DepoHtB of every 


Graioing. 


Scouring. 


Gums. 


Silvering- 




Gun Cotton, 


Soap. 
Solders. 


Bwunel^ 


Gunpowder. 


Eomving on Wood, 
Copper, Gold, Silver, 
Sto^ and Stone. 


Horn Working. 
Indianibber. 


Tanning, 
fajudermy. 


Japans, Japanning, uid 


Treating Horn, Mother- 


Etching and Aqua Tint 
Firework Making — 




o'-pc»rl, and like sub- 


(RockeU, Stars. Rains, 


Uthing. 


stances. 


Gerbes, Jets, Tour- 




Varnishes, Minulaclure 


biUont, Candle*, Fires, 


Marble Working. 


and Use of. 


Laaecs,Lights,Wheck, 


Matches. 




Fire-ballooDS, and 


Mortals. 


Washing. 


minor Fireworlti). 


Nitttt-Glycerine. 


Waterproofing, 


Floxes. 


Oils. 


Welding. 


Foiudij MUlureL 






Beadcs Receipts relating to tlie lesser Technolc^i 


al matters and procesKS, 


nich ai the manufacture and use of Stencil Plates, 


Blacking, Crayons, Taste, 


Putty. Wax, Size, Alloys, Catgut, Tunbriilge W 


arc. Picture Frame and 


Architectural Mouldings 


Compos, Cameos, and others too numerous to 1 
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WORKSHOP RECEIPTS, 



D Addimeti; and Alkali- 

1 AlbuiDCD. 

[ Alcohol. 

i Alkaloids. 

U Baking-powders. 

Bitten. 

Bleaching. 

Boiler Incrustations. 

Cements and Lutes. 

Cleansing. 

Confectionery. 

Copying. 



SECOND SERIES. 



Synopsis of Contexts 

Disinfectants. lodaTom. 

Dyeing, Staiaing, and 1 IsingU 
Colouring. ' ' 



Essences. 
I ETtraCts. 
Fi reproofing. 
GeUline, Clue, and Si 
Glycerine. 
Gut. 
Hydrogen peroiide. 



ubstiti 



Leather. 
Laminous bodioi 
I Magnesia. 

Taper. 
Pajchment. 
Perchloiic acid. 

. Potassnm auJat«. 
Preserving. 



Pigments, Pomt, and pEuntin^ : emhradng the prepanliai ot 
Pigmtitis, including alumina lalces, blacks (anima], bone, Frankfort, irat]'. 
lamp, sight, soot), blues (antiinony, Antwerp, cobalt, camileum, EgyplUl, 
manganate, Paris, P^ligot, Prussian, smalt, uliiamarine), browns (Inilre, 
hinsu, sepia, sienna, umber, Vandyke), greens (baiyta, Brighlon, Smnswick. 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Pnnsui. 
sap, Scheele's, Schwcmfurth, titanium, verdigris, zinc), reds (Braxilwoad likt. 
carminated lake, carmine. Cassias purple, cobalt pink, cochineal lake, colco- 
thai, Indian red, madder lake, red chalk, red lead, veitnilion), whites (iluii:, 
baryta, Chinese, lead sulphnle, while lead — by American, Dutch, French, 
German, Kremnitt, and PattinsoD processes, precautions in making, ■Bd 
compo^lion of commercial samples — whiting, Wilkinson's white, line white), 
yellows {chrome, gamboge, Naples, orpiment, realglr, yellow takes) ; Faml 
(vehicles, testing oils, diiers, grinding, storing, ■pplying, priming, dTyiti£. 
Riling, coats, brushes, surface, water-colours, removing smell, discoloratian ; 
miscellaneous paints— cement paint for eorlon-pieire, copper paint, gold punt, 
iron point, lime paints, silicated paints, steatite paint, transparent ' ~~ 
tungsten paints, window point, ztnc paints) ; Painting (genl 
proportions of ingredients, measuring paint work J carriage pi 
paint, best potty, finishing colour, cause of cracking, mixing the joints, oils^ 
driers, and colours, Taroisbing, importance of washing vehidei, re-vamishing, 
how to dry paint ; woodwork painting). 
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■workshop receipts. 


1 THIRD SERIES. 


1 Uniform with the First and Second Series. 


^h Synopsis of Coktents. 


K^ Alton. 


Iridium. 


Rubidium. 


V Aluminium. 


lion and Steel. 




■ Antimony. 


Lnciiuers and Lacquering. 


Selenium. 


■ Barium. 


LsnthftUQiiii 


Silver. 


■ Beryllium. 


Lead. 


Slag. 


1 Bismutb. 


LUbiura. 


Sodiom. 


W Cadmium. 




Strondom. 


Caesium. 




Tantalum. 


Calcium. 


Manganese. 


Terbium. 


Cerium. 


Mercury. 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt. 




Tin. 


Copper. 


Nidtel. 


Titanium. 


Didyminm. 


Niobium. 


Tunesteu. 


Enamels and Glazes. 


Osmium. 


Uranium. 


Erbium. 


Palladium. 




Gallium, 


Platinum. 


Yttrium. 


Glass. 




Zinc. 


Gold. 






Indium. 






£ih-(n«,~AlBrms. Bells, B«lteries. Carbon*, Coils, Dynamos, Micro- 1 
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FOURTH SERIES, 

DEVOTBD MAIULY TO HASDICRAFTS 4 MECHAKICiL StBUCll 



W*terj)roofing — rubber goods, cupramnoniiim 

prcparatioiu. 
Packing and Storing nrticles of delicite odaar or coli _, ,___ 

cbaiuctei, liable to ignition, apt to suffer fioin insecu or damp, nf^ 

Embalming and Preserving anatomical specimens. 

Leather PoIiGhes. 

Cooling Air and Waler, produting low temperniurei, making im, ' 

synipa and solutions, Bud separating utlts from liquors bj rcfhgen 
Pumps and Siphons, embmcing every useful contriTance for nis 

lupplying water on a moderate scale, and moving corrosive, ten 

and other liquids. 
Desiccating— ^r- and waler-ovens, and alher appliances for drjiag 

and attiticia] products. 
Distilling— water, tinctures, extracts, phamiaceuticai preparations, « 

perfumes, and alcoholic liquids. 
EmulBJfying as required by pharmacists and photographers. 
Evaporating — saline and other solutions, and liquids 'demudiaf ^leal 

Filtering— waler, and solutions of various kinds. 

Percolating and Macerating. 

Elect retyping. 

Stereotyping by both plaster and paper processes. 

Boolcbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc 

Musical Instruments — the preservation, tuning, and repair of 

hannoniums, musical boxes, etc 
Clock and Watch Mending — adapted for intelligent amateuia. 
Photography — recent development in rapid processes, handy appanlv^ 

ous redpes for sensitixing and developing lolutions, and ' *""" 

o modem illustrative purposes. 
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WORKSHOP RECEIPTS, 


FIFTH SERIES. 


Containing many new Articlet, m well as additions to Articles included in 


the previuus Series, as follows, vie. :— 






Barometers, How to make. 


Apparatus. 


Bob! Bttildini-. 


Labels. Lacquers. 


Camera Lucida, How to use. 




Cements and Lutes. 


Inks. Writing, Copjing, Invisible, 


CooUng. 


Markiog, Stamping. 


Copying. 


Magic Lanterns, their management 


Corrtaion and Protection of Metal 


and preparation of slides. 


Sntfaces. 






Metal Work, Copper Welding 


Deuccating. 


Enamels for Iron and other Mclali, 


DiamondCuttingand Polishing. Elec- 


Gold Beating, Smiths' Work. 


trics. New Chemical Batteries, Bells, 


Modelling and Plaster Casdng. 




Netting. 


of Electric Lighting, Microphones, 


Packing and Storing, Acidt, &c 


Simple Motors, Phonogram and 


Percolation, 


Giapbophone, Registering Appa- 


Preserving Books. 




Preserving Food, Plants, &c. 


and Apparatus, Transformers, 


Pumps and Syphons (or varioua 


Evaporating. 


Uquids. 


Explosives. 


Repairing Books. 


Filtering. 


Rope Tackle. 


Fireproofing, Buildings, Textile Fa- 


Stereotyping, 


brics. 


Taps, Various. 






Apparatus. 


Tying and Splicing Ropes, 




Velocipedes, Repairing. 


lin£, Brealcing, Etching, Frosting, 


Walking Sticks. 




Waterproofing. 




31 CATALOGUE OF SaENTIFIC BOOKS. 

In demy Svo, cloth, 6oa pogci and 1420 illastratioai, Oa. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICnAFTSMEN AND AMATEUBS. 

COMTKNTS. 

Mechanical Drawing — Casting and Founding in Iron, Brass, BnMnt, 
and other Alloys — Forging and Finishing Iron — Sbeetmctal Wcrtitii 
— Soldering, Braiing, and Burning — Carpentry ^nd Joinery, enibi3ciD[ 
descriptions of some 40a Woods, over 200 Illustrations of Todl and 
their uses, Explajiations (with Diagrams) of 1 16 joints and hinges, ud 
Details of Construction of Workshop appliances, rough fumitoK, 
Garden and Yard Erections, and House Building — Cabinet-Malaii| 
and Veneering — Carving and Fretcutting — Upholstery — PaiatiiiE, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — PolishiBj 
Marble, Metals, and Wood — -Varnishing — Mechanical moveincnts, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotti 
and Concrete— Rooting with Thatch, Tiles, Slates, Fell, Zinc, 4c— 
Glazing with and without putty, and lead glaring — Plastering and 
Whitewashing — Paper-hanging— Gas- fitting — Bell-hanging, ordinair 
and electric Systems — Lighting- Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains— ^Val« 
Supply and Sanitation —Hints on House Construction suited to 
countries. ^ 

E. A F. N. SPON, 126 Strand, Irf>ndon. 

Haw Tork : 13 Cortlandt Street. 



